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BSTRAa 


Mechanlcad,  piezoelectric,  and  Wiancko  pressure-time  gages  and  ball-crusher  peak- 
pressure  gages  were  used  to  measure  the  underwater  free-deld  pre,ssures  from  the  deep..*7o 
explosion  of  an  atomic  bomb  predicted  to  have  the  energy  of  86  x ^  lb  orTNT."  Gages  were 
located  at  distances  from  Surface  Zero  from  about  2000  to  12,000  ft  (it-was-necessaryio'de^ 
.tecmins4iRal-gage-locatkMmby  computatlons-based.on. shock  arrival  times)  and  were  suspended 
at  depths  down  to  2000  ft  from  buoys,  LCM  hulls,  and  YFND  barges.  Although  many  of  the 
gages  and  records  were  lost,  there  was  an  adequate  number  of  backup  systems  that  provided  a 
wealth  of  detailed  pressure  data.^e  principal  results  of  this  experiment  were: 

1.  The  peak  pressure  vs  dlsihnce  curve  for  free  water  In  the  region  measured  was  essen¬ 
tially  as  predicted  by  Project  1.1  and  was  similar  to  one  which  would  have  resulted  from  an 
explosion  of  TNT  liaving  a  yield  cqula^ent  to  %  the  radiochemical  yield  of  32  metric  kt. 

2.  The  best  estimate  of  the  first  dybble  period  was  2.878  sec,  fron\  which  was  calculated  a 
TNT  yield  equivalent  to  %  the  radiochemical  yield.  This  can  be  compared  with  the  Project  1.1 
prediction  ol  2.M  sec.  The  second  and  third  bubble  periods  were  2.6  and  1.9  sec,  respectively. 
Migration  of  the  bubble  to  about  the  time  of  the  first  minimum  was  400  ft. 

3.  The  effect  of  the  temperature  structure  in  the  water  in  refracting  the  shock  wave  was 
essentially  as  predicted — increasing  the  pressures  and  decreasing  Ihe  duration  of  the  shock 
wave. 

4.  Shock-wave  energy  flux  and  impulse  varied  with  distance  diflerently  from  TNT  in  a 
homogeneous  medium  when  corrections  were  made  to  account  fer  the  time  of  integration.  The 
differences  are  believed  to  have  arisen  from  a  basic  difference  between  the  shock  waves  pro¬ 
duced  at  Operation  Wigwam  and  these  from  TNT  or  from  refraction  effects. 

5.  There  were  at  least  three  fcotiom  rellectlons,  all  attributable  to  the  primary  shock’s  being 
reflected  from  successively  deep  bottom  layers. 
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PREFACE 


Project  1.2  was  one  o(  three  projects  to  measure  underwater  pressures  on  Operation 
Wgwam,  each  covering  separate  regions  with  some  overlaps.  The  other  projects  were  Project 
1.2.1,  conducted  by  the  Naval  Research  Laboratory,  which  measured  pressures  closer  to  the 
bomb,  and  Project  1.3,  conducted  by  the  Navy  Electronics  Laboratory,  which  measured  pressures 
farther  from  the  bomb.  Project  1.2  represented  the  major  effort  of  the  Naval  Ordnance  Labora¬ 
tory  (NOL)  on  this  operation  and,  together  with  information  from  the  other  NOL  projects  (1.1, 
Energy  Distribution  Studies;  1.4,  Bubble  Phenomena;  and  1.5,  Gross  Surface  Phenomena),  was  to 
obtain  an  over-all  picture  of  the  free-field  effects  of  an  underwater  atomic  burst.  Techniques 
used  by  Project  1.2  were  developed  from  allied  techniques  used  on  previous  operations,  princi¬ 
pally  Operation  Castle,  and  on  routine  research  on  high  explosives  conducted  over  a  period  of 
several  years  by  the  NOL  and  the  Underwater  Explosives  Research  Laboratory  of  the  Office  ol 
Scientific  Research  and  Development.  Although  most  of  the  funding  for  this  project  was  supplied 
by  the  Armed  Forces  Special  Weapons  Project,  a  substantial  fraction  was  supplied  by  the  Durean 
of  Ordnance. 

This  report  contains  the  results  of  Project  7.2  completed  up  to  the  time  of  writing, 
although  further  analyses  of  the  data  may  be  worth  while  at  later  times. 

Since  there  are  so  many  facets  to  this  project,  there  Is  some  repetition  so  that  readers 
concerned  with  one  phase  to  the  exclusion  of  others  will  not  have  to  read  portions  beyond  their 
immediate  Interest.  For  e.xample,  the  basic  results  are  discussed  In  detail  in  Chaps.  1  and  1 
to  9  and  are  summarized  In  Sec.  10.2.  Instrumentation  Is  discussed  in  detail  In  Chaps.  2  to  8  and 
is  summarized  in  Sec.  10.1.  Although  it  was  beyond  the  scope  ol  Project  i.2,  Appendix  A,  which 
is  a  discussion  ol  the  ellects  ol  the  Wigwam  shot  on  ships’  sonar  apparatus,  is  Included  since  It 
is  a  subject  of  considerable  military-interest  on  which  little  information  Is  available  elsewhere. 
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CHAPTER  1 

INTRODUCTION 


1.1  OBJECTIVE  .  •  . 

The  objective  of  Project  1.2,  Operation  Wigwam,  was  to  measure  peak  pressures  and 
pressure  vs  time  under  water  in  the  region  from  about, 1500  It  to  about  12,000  ft  from  Surf^e 
Zero  (SZ)  arising  from  the  explosion  of  a  nominal  30-kt  atomic  btxnb  fired  at  a  depth  of  2000  ft 
in  about  15,000  ft  of  water.  Table  1.1  gives  some  of  the  basic  (lain  describing  the  Wigwam  shot. 
Measurements  were  to  be  made  from  depths  of  25  ft  to  2000  ft,  including  the  region  where 
large  scaled  models  of  submarines  were  located  as  targets; 

1.2  GENERAL  CONFIGURATION  OF  ARRAY  AND  METHOD 

The  general  array  of  bomb,  targets,  instnimentation  platforms,  and  gage  strings  has  bees* 
described  in  detail  in  other  Wigwam  reports.  For  purposes  of  thin  report,  it  is  probably  suffi¬ 
cient  to  say  that  the  array  comprised  a  tow  about  30,000  ft  long,  nt  one  end  of  which  the  bomb 
was  suspended  from  the  bomb-support  barge  (YC-473).  Free-fleld  underwater  pressures  were 
measured  by  the  Naval  Research  Laboratory  (NRL)  from  this  barge  to  a  depth  of  1200  ft  as 
described  in  reference  1,  and  arrival  times  were  measured  to  within  about  15  ft  of  the  bonib  by 
the  Armour  Research  Foundation  (ARF)  as  described  in  reference  2.  Between  the  YC-473  and 
the  nearest  target  (SQUAW-12)  at  about  5200  ft  from  SZ,  Project  1.2  suspended  pressure-gage 
strings  of  three  types:  bail-crusher  peak-pressure  gages.  Naval  Ordnance  Laboratory  (NOQ 
mechanical  pressure-time  gages,  and  electronic  piezoelectric  .'uul  electromechanical  pressure- 
time  gages.  The  ball-crusher  gages  were  suspended  from  towllnc  floats  with  separate  rubber 
recovery  buoys.  The  mechanical  pressure-time  gages  were  suspended  from  wooden  floats  held 
off  the  towllne  by  150-ft  spars;  the  electronic  gages  were  suspended  from  two  modified 
(0-1  and  0-2).  The  ball-crusher  and  mechanical  gages  were  completely  self-recording, ’whereas 
the  electronic  gages  were  to  have  their  signals  recorded  on  magnetic  tape  in  buoys  which  were 
to  be  freed  from  the  LCM’s  by  the  arrival  of  the  shock.  Each  of  lliO  tliree  instrumentaiios 
barges  (YFND’s  12,  13,  and  29)  was  to  l:ave  two  gage  lines  on  the  poitslde  for  this  Project  and 
one  gage  line  on  the  starboard  for  Project  1.3  (see  reference  3),  Tlio  gage  line  from  the  port 
bow  was  to  support  electronic  gages,  and  the  one  from  the  port  stern  was  to  support  the  ball- 
crusher  and  mechanical  pressure-time  gages.  On  the  YFNB’s  12  niul  13,  an  underwater  camera 
for  the  bubble-displacement  measurements  of  Project  1.4  (refereiiro  4)  was  also  to  havebcea 
on  the  mechanical  gage  line.  Measurement  of  tlie  free-fleld  underwater  pressures  in  the  r^don 
between  the  YFN0-29  and  the  towing  tug,  with  the  exception  of  a  single  string  of  Project  1.2  ball- 
crusher  gages,  was  to  have  been  made  by  Project  1.3. 


The  over-all  guiding  principle  for  Pi 


all  instrumentation  in  one  or 


soore  wa;s  to  be  surerfaat  at  least  the  mlgimum  reqntmt  faiformation  was  obtalnat.  Ttihs  wa#- 
done  to  an  extent  net  often  achieved  even  on  as  operation  o(  the  scope  oi  Wigwam;  and,  as  It 
resulted,  most  of  ftiese  precautions  were  actnally  needed.  In  the  instances  where  backup 


instrumentation  systems  were  not  essential,  they  provided  enough  check  data  to  give  con¬ 
siderable  weight  to  the  values  obtained  and  a  basis  for  estimating  the  accuracy  and  precision 


of  the  results. 


1.3  OPERATIONS 

1.3.1  Preshot  Operations 

Instrumentation  was  designed  and  built  at  NOL,  White  Oak  and  Indian  Head,  Md.  Prelimi¬ 
nary  testing  was  conducted  there  and  at  the  Navy  Electronics  Laboratory,  San  Olego,  Calif. 

LCM  modifications  aod  other  comparatively  heavy  construction  work  were  done  by  the  Naval 
Repair  Facility,  San  Diego.  SeA  trials  were  made  off  the  California  coast  on  several  occasions 
during  the  period  Jar.aary  to  April  1955. 

1.3.2  Shot-time  Operatiohs  .  .  . 

To  prepare  for  the  actual  shot,  personnel  (see  Table  1.2)  were  split  Into  three  main 
groups — one  aboard  the  USS  Comstock  to  prepare  and  set  into  operation  the  LCM  Instrument 
stations,  one  aboard  each  of  the  three  YFNB’s  to  prepare  instrumentation  located  thereon,  and 
one  aboard  the  LST’s  075  and  1048,  to  install  the  free-floating  ball-crusher  and  mechanical 
pressure-time  gages.  The  latter  group  actually  made  the  gage  instatiatlons  from  the  USS 
Butternut  (AN-d),  the  USS  Bolster  (ARS-38),  and  the  LAM’S  operated  by  the  Task  Group  7.3 
(TG  7.3)  Boat  Pool. 

By  D-2  all  systems  were  considered  ready  to  be  installed  and  operated,  and  boats  0-1  and 
0-2  were  attached  to  the  towline.  The  spars  for  the  mechanical  pressure-time  gages  were  also 
attached  to  the  tow.  It  was  planned  to  lower  the  gage  stiings  as  scow  as  the  tow  was  completed, 
which  was  scheduled  for  1030  on  D-1.  Actually,  the  four  ba!!-crusfcer-gage  strings,  one  of  the 
mechanical  gage  strings,  and  the  gage  strings  from  0-1  and  0-2  were  put  into  the  water  rather 
late  in  the  afternoon  on  D-1,  although  the  tow  was  not  completed  evew  by  that  time.  The  YFNB 
strings,  except  the  port  stem  gage  line  on  the  yFNB-12  which  was  never  Installed,  and  the 
remaining  mechanical  pressure-time  string  were  put  into  the  water  on  D-day,  the  former  In  the 
predawn  hours  and  the  latter  shortly  after  daylight.  During  the  morning  of  D-day,  both  0-1  and 
0-2  buoys  broke  free  from  the  modified  LCM’s  as  a  result  of  sea  action.  The  0-2  buoy  broke 
free  at  about  H-6,  and  the  0-1  buoy,  at  about  H-4.  Since  the  apparatus  In  the  buoys  required 
starting  signals  from  radios  in  the  .LCM’s,  but  c.xternal  to  the  buoys,  no  data  were  obtained 
from  these  two  systems. 

1.3.3  Recovery  Operations 

Alter  the  shot  and  after  permission  was  granted,  recovery  commenced  on  the  night  of 
D-day  with  the  hauling  up  of  the  two  NOL  gage  strings  on  the  YFNB- 13.  The  remaining  YFNB 
strings  were  recovered  daring  the  morning  of  D+  1.  It  was  not  until  the  afternoon  of  D  +  1  that 
it  was  possible  to  start  recovery  work  on  the  equipment  which  had  been  attached  to  the  towline. 
Searching  was  done  by  two  helicopter  surveys  of  two  crall  each  and  by  the  USS  Tawasa  {ATF-92). 
By  evening  the  tatter  had  recovered  the  0-1  buoy,  both  spar  gage  lines,  and  two  of  the  ball- 
crushor-gage  buoys  from  which  the  gage  strings  had  been  lost.  The  0-2  buoy  was  recovered  the 
ne-xt  day,  and  two  of  the  ball-crusher-gage  lines  and  buoys  were  never  seen. 

Tables  1.3  and  1.4  summarize  the  Project  1.2  data  that  were  recovered  and  used  as  a 
basis  for  the  preparation  of  this  report.  Chapter  10  summarizes  the  results  of  this  report. 
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Iff  '‘F«r«tio»  the  ex- 

■UJI  Sf  0-1  *nd  0-2 

C.  J.  Aronson  -  Project  Officer 
R.  S.  Price  -  Crew  Chiefs  0-1 
^  J-  P.  Slifko  -  Crew  Chief.  0-2 

r*  tf*  *’•  Mitchell  -  0-2 

n*  ^  «•  J*  Stattel  -  b-2 

?*  ®*  -  0-1  jS,  c,  Hacke  -  0-2 

L.  0.  Cooley  -  0-l  D,  g,  Wilhite  -  0-2 

C.  Aboard  XPKB** 


\-J 


B.  J. 
F.  J. 
P.  S. 
J.  F. 

V.  F. 

B.  K. 

H.  W. 

W.  C. 
J.  F. 
R.  R. 
J.  B. 
R.  B. 
A.  £. 

C.  V. 
C.  H. 


Culling 

Oliver 

Bengston 

Baapfield 

DeVost 

Cox 

Baggott 

Zuke 

Fitx 

faug 

tecpsey 

Benefiel 

Jones 

Mangold 

Sosers 


-  Chief,  Electronics  Cage  Systeas 

-  Chief,  Mechanical  Cage  Systeas 

-  Crew  Chief,  yFMB-12 

-  Crew  Chief,  yFMB-13 

-  Crew  Chief,  YFMB-29 

-  XKNB-12,  Electronic  Gages 

-  yPMB-12,  Ball-Crushers 

-  3fPlffl-12,  Mechanical  Cages 

-  WNB-13,  Electronic  Cages 

-  XPWB-13,  Ball  Crushers 

-  TfPNB-13,  Electronic  Cages 

-  YPMB-29,  Mechanical  Cages 

-  YFj(B-29,  Ball  Crushers 

-  YFNB-29,  Electronic  Cages 

-  YPWB-29,  Electronic  Cages 


jcil.  Aboard  IST’s  to  put  dow  free  floating  ball-crusher  and 
I  oechanical  pressure-tl»e  gages 


M.  A.  Thiel 
W,  F.  Carver 
0.  E.  Marks 
C.  F.  Vogt 
J.  V,  Thoapson 
J.  R.  Baker 


-  Chief,  Ball -Crusher  Group 

-  Mechanical  Cages 

-  Ball -Crushers 

-  Mechanical  Gages 

-  Ball-Crushers 

-  Ball-Cnishcrs 
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In  the  case  of  B/C  eofies  -  four  gages  were  averaged  to  give  a  single  pressure  value.  In  the 
case  of  Wlancko  and  of  KPT  pressure  gages  1  gage  -  1  channel.  In  the  case  of  some  F£  gagesj 
data  from  a  single  gage  was  recorded  twice  at  different  amplifications. 

'This  line  never  installed. 
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*PE  Gasses  vhlch  recorded  on  two  channels. 
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CHAPTFSa  ■ 

8ALL-CRUSHER  PEAK-PRESSURE  MEASUREMENTS 


2.1  PURPOSES 

The  principal  purposes  for  making  balt-emsher-gsge  underwater  peak-pressure  measure¬ 
ments  were  to  provide  a  simple,  reliable  backup  measurement  system  for  the  pressure-time 
gages  and  to  obtain  peak-pressure  measurements  at  a.  large  number  of  positions. 


2.2  ■  DESCRIPTION  OF  BALL-CRUSHEK  GAGK 
2.2.1  History 

The  ball-crusher  gage  consists  essentially  of  a  steel  piston,  a  copper  ball,  and  a  steel 
an'-a  as  shown  in  Figs.  2.1  and  2.2.  One  end  of  the  piston  is  in  contact  with  the  small  copper 
sphere  which  rests  on  the  anvil.  The  other  end  ol  the  idstc  is  subjected  to  the  shock  wave  from 
an  explosion.  These  gages.  In  groups  ol  four,  are  clamped  to  lines  suspended  from  floats.  Such 
gages  have  been  used  extensively  to  obtain  peak-pressure  data  from  underwater  explosions  of 
charges  weighing  from  SO  lb  to  45  tons.  A  discussion  of  some  such  experiments  is  given  by 
Cole.* 

On  shot  Baker  of  Operation  Crossroads  and  on  shots  1,  2,  4,  5,  and  8  of  Operation  Castle, 
the  peak  pressure  vs  depth  and  peak  pressure  vs  distance  relations  were  obtained  by  the  use  of 
ball-crusher  gages. 

As  on  Operations  Crossroads  and  Castle,  ball-crusber  gages  were  used  on  Operation 
Wigwam  to  obtain  peak  pressure  vs  depth  ahd  peak  pressure  vs  distance  relations  as  a  supple¬ 
ment  to  the  pressure-time  recording. 


2.2.2  General  Gage  Details 

Figure  2.1  shows  the  gage  components,  a  waterproofed  gage  assembled  with  a  Vg-ln.- 
dlameter  sphere,  and  a  block  of  four  gages. 

Figure  2.2  Is  a  cross-sectional  drawing  of  an  assembled  gage.  Two  sizes  of  spheres,  Vjj 
and  %  In.  in  diameter,  can  be  used  in  these  gages.  The  Vr^a.  sphere  Is  used  with  the  spacer 
ring,  as  shown,  and  the  /jj-ln.  sphere  is  used  without  the  spacer  ring.  The  purpose  of  having 
two  sizes  is  to  widen  the  pressure  range  covered  by  the  gages. 

The  dtnaniic  calibration  curve  for  the  Vjr  spheres  is  nearly  linear  for  deformations 
from  0,01  to  0.05  in,,  and  for  the  %-ln.  spheres  it  is  nearly  Unear  for  deformations  from  0.01 
to  0.09  in.  These  delormatlons  correspond  to  a  range  ol  peak  pressures  lor  a  step  wave  o( 
about  300  to  1500  psi  (*'jj-ln,  spheres)  and  about  700  to  SOCO  psi  (%-ln.  spheres). 
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Errors  ia  measured  deformations  are  estimated  to  be  ±0.0005  in.;  hence,  for  a  final  defor¬ 
mation  of  fllOl  ia.,  the  error  in  measurement  alone  is  about  ±5  per  cent.  Thus,  for  deformaffons 
smaller  0.01  in.,  the  errors  due  to  measuring  the  spheres  become  extremely  serious. 

ZJUi  Thcoty 

I 

Hie  theory  of  the  ball-crusher  gage  has  been  discussed  elsewhere.’'^*'  In  brief.  It  has  been 


shown  that  the  response  of  the  gage  up  to  the  time  of  maximum  deformation  is  equivalent  to  that 
of  a  mass  and  spring  subjected  to  a  force  applied  to  the  mass  and  that  the  differential  equation 
of  a  linear  oscillator  results  for  the  motion  of  the  piston.  This  equation  can  then  be  integrated  f 

for  any  assumed  pressure  variation.  In  the  use  of  the  gage,  therefore,  it  is  necessary  to  know  i 

the  shape  of  the  pressure-time  curve  and  certain  other  factors.  In  small-charge  work  most  of  ' 

these  factors  have  been  well  known;  in  the  instance  of  the  Crossroads  Baker  work,  pressures  j  • 

were  calculated  on  the  assumption  that  the  shock  wave  was  a  step  function.  A  limited  number  of  t 

pressure-time  records  Indicated  that  this  approximation  was  good  to  10  per  cent  or  better.  On  • 

Operation  Castle  the  ball-crusher  gages  were  subjected  to  a  slowly  Increasing  pressure  wave  • 

rather  than  a  shock  wave.  The  gage  acted  then  as  a  static  pressure  gage,  and  peak  pressures  ; 

were  calculated  by  using  only  the  final  deformations  of  the  spheres  and  their  static  calibrations.  ; 

Since  the  ball-crusher  gages  were  waterproofed  and  were  to  have  been  used  to  depths  as  i 

great  as  2000  ft  on  Operation  Wigwam,  the  effect  Introduced  by  the  predeformation  of  the  ’ 

sphere  by  the  hydrostatic  pressure  must  be  considered.  The  theory  of  the  ball-crusher  gage  in  i 

which  the  :qihere  has  been  predeformed  by  the  hydrostatic  pressure  has  been  discussed  in 


references  S  and  6.  The  deformations  discussed  in  reference  6  have  been  used  to  calculate  peak  | 

pressures  by  the  method  of  reference  5,  and  a  comparison  showed  that  the  two  theories,  refer-  i 

ences  5  and  8^  gave  the  same  values  of  peak  pressures  for  the  region  of  measurement.  , 

i 

.  2.2.4  AnalysU  | 

Ball-crudier  peak  pressures  were  calculated  by  the  method  outlined  in  reference  S,  using  J 

(U) 

where  Pg  =  the  peak  pressure  above  hydrostatic  pressure,  pounds  per  square  inch 
Xg  =  the  dynamic  force  constant,  pounds  per  foot 
K,  the  static  force  constant,  pounds  per  foot 
A  =  the  area  of  the  piston  (0.197  sq  in.) 

Xa  =  the  final  deformation,  inches 

x«  =  the  initial  deformation,  in  inches,  caused  by  the  hydrostatic  pressure;  it  is  equivalent 
to  (12  xO.lUDjAl/Kg 

P(  =  the  hydrostatic  pressure,  in  pounds  per  square  inch,  to  which  the  gage  is  subjected; 
it  equals  0.4440| 

0«  =  the  depth,  in  feet,  to  which  the  gage  is  lowered 
ji  =  i/9,  where  0  is  the  time  constant  of  the  shock  wave,  seconds 
(iT  =  the  VKo/m, where  ra  is  the  equivalent  mass  of  the  moving  system 

The  dynamic  force  constants  were  obtained  by  the  NOL  from  drop  test  equipment  as  usual'  I 

and  were 

Kp=  1.40  X  to’  Ib/ft  (for  Vj:-in.  spheres) 

I 

Kd=  3.38  X  iO*  Ib/ft  (for  V,-ln.  spheres)  j 

I 

The  static  force  constant  for  the  %2-In.  spheres  was  obtained  by  placing  waterproofed  gages  i 

in  a  pressure  pot  and  measuring  deforniations  produced  over  a  range  of  pressures.  The  static 
calibration  for  the  I'g-in.  spheres  was  taken  from  reference  6.  The  lot  of  spheres  used  in  the  i 


; 
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work  described  in  reference  8  is  the  same  lot  of  spheres  used  in  Wigwairt^  The  static  force 
constants  were  ; '  ■  *  . 

Ka  =  1.21  X  lO’  Ib/ft  (for  Vjj-ln.  spheres) 

K,=  2.84  xl0‘lb/ft  (for  Vi-in.  spheres) 

The  correction  for  the  decay  of  the  shock  wave,  1  +  (»/2)(p/w),  was  than  0.5  per  cent 
for  an  exponentially  decaying  shock  wave  with  a  time  constant  of  about  3tf  fiJ.sec,  and  hence  it  Is 
omitted  in  what  follows. 

Substitution  of  numerical  values  in  Eq.  1.1  and  simple  algebraic  rearT^igement  giver 
■Po  =  (7.15  X  10‘  Xn,)  -  0.178D|  (for  %-ln.  spheres) 

Pq  =  (2.96  X  10*  x„,)  -  0,186D,  (for  '/jt-ln*  spheres) 

2.2.5  Gage  Preparation  .  ' 

The  copper  spheres  were  measured  using  micrometer  calipers.  The'  (oJ.erances  were 
0.0003  in.  from  a  nominal  diameter  for  the  Vi-ln.  spheres  and  ±0.0002  in,  for  the  Va-ln. 
spheres.  The  spheres  were  checked  at  three  diameters,  and  any  sphere  wfckh  fell  outside  the 
tolerance  was  discarded. 

The  gage  components  were. washed  in  ca.^bon  tetrachloride  to  remove  and  grease  (rona 
the  outside  surfaces  to  ensure  adhesion  of  Tygon  primer  and  paint  (Tygor*  pAint  and  primer  are. 
manufactured  by  The  United  States  Stoneware  Co.,  Akron  9,  Ohio).  Tlie  pis'tPh,  with  spring  in 
place,  was  checked  in  the  cap.  The  gages  were  then  assembled  with  the  d(?.sircd  size  of  sphere. 

Tests  conducted  with  8-  and  50-lb  charges  showed  that  the  method  of  iVAterprooflng  that 
was  used  on  Operations  Crossroads  (see  also  Sec.  9.9)  and  Castle  affected  Ihe  response  of  the 
ball-crusher  gage  at  least  when  the  gage  was  subjected  to  a  short-duratloYJ  shock  wavsi. 

Further  tests  were  conducted  to  obtain  a  waterproofed  gage  .hat  would  ha'/d  ilie  same  response 
as  a  nonwaterproofed  gage.*  The  method  that  was  developed  and  was  used  Of)  Operation  Wigwam 
is  outlined  below: 

To  waterproof  the  gages,  a  rubber  cot  (the  finger  cots  were  manufaefttfsd  by  Killashuti 
Sales  Division,  Akron,  Ohio)  was  pulled  tightly  over  the  piston  end  of  the  g.-lges  and  held  In  place 
with  a  rubber  band.  Each  gage  was  checked  to  ensure  that  no  air  was  tr.ipflfd  under  the  cot  at 
the  piston  end  of  the  gage.  The  sides  of  the  gages  were  wrapped  with  UsktJfOna  tape  (Uskoronn 
tape  is  manufactured  by  The  United  States  Rubber  Company,  New  York  20,  fJ.  Y.),  and  Bostik 
No.  1015  cement  (Bostik  cements  are  manufactured  by  the  D.  B.  Chemical  Co.,  Cambridge  and 
South  Middleton,  Mass.)  was  applied  to  the  point  between  the  tape  and  the  eoi  at  the  piston  end 
of  the  gage  and  between  the  tape  and  the  gage  at  the  other  end.  Two  coats  6f  Tygon  primer. 
TP-107B,  were  painted  over  the  tape  and  the  Bostik  cement. 

The  sides  of  the  waterproofed  gages  were  wrapped  with  two  layers  of  filctlon  tape  and 
Inserted  into  the  blocks  (Fig.  2,1). 


2.3  GAGE  RIGGING  AND  MOORING 


2.3.1  Gage  Rigging 

The  ball-crusher  gages  were  to  be  suspended  in  vertical  strings  at  nOKJinal  horizontal 
distances  from  SZ  of  1520,  1920,  3520,  5440,  7860,  10,865,  and  11,900  ft.  'fU  gage  strings  at 
5440,  7860,  and  10,865  ft  were  to  be  hung  from  the  YFNB’s;  however,  the  toil-crusher  gages  at 
5440  ft  were  never  Installed.  The  remaining  four  were  supported  by  flotation  buoys  on  the  tow 
cable. 

Figure  2,3  is  a  schematic  drawing  of  the  ball-crusher-gage  strings  which  were  suspended 
from  the  flotation  buoys.  The  gage  blocks  were  suspended  between  wire-rc^e  pendant.s.  From 
the  surface  to  300  ft  they  were  spaced  at  10-ft  intervals;  from  300  ft  to  lOCi?  ft  they  were  at 
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SO-lt  intervals.  The  gage  strings  at  1920  and  3520  ft  were  3000  It  long.  Gage  blocks  were  at 
lOft-lt  hrtervsts  from  the  tOOtk-  to  the  2000'-ft  depth  on  these  two  strings. 

The  gage  strings  at  1520,  1920,  and  3520  ft  from  SZ  had  a  weak  link,  s  $^4-10.  shackle,, 
between  the  top  gage  block  and  the  flotation  buoy.  (This  weak  link  was  expected  to  break  at  the  . 
time  of  the  shock-wave  arrival.)  A  %-in.-dlanjeter  wlre-rojpe  safety  or  recovery  line  ran  along¬ 
side  the  gage  strings.  The  recovery  line  was  slack  and  was  clipped  to  the  gage  string  every  50  ft. 
At  the  surface  the  recovery  line  was  connected  to  a  safety  float,  a  600-gal  rubber  buoy,  wifli 
about  80  ft  of  slack  cable.  The  safety  float  was  not  connected  to  the  towline.  Gage  depths  were 
determined  from  the  lengths  of  the  wire-rope  pendants  and  the  gage  blocks. 

The  batL-cruahec  sUlnga. which. were. hung  from  the  YFHB's  were  combined  wUk  the  me¬ 
chanical  gage  strings.  The  main  support  cable  was  Vi-ln.-diameter  wire  rope  to  which  seven 
mechanical  gages  were  attached  (see  Chap.  3).  Each  ball-crusher  string,  a  series  of  gr^e 
blocks  and  pendants,  was  clipped  to  the  *4-in.  wire  rope  by  means  of  Vt-ln.  steel  rods  (sec 
Fig.  2.1),  which  were  welded  to  each  ball-crusher-gage  block.  The  pendants  between  the  ball- 
crusher-gage  blocks  were  slack  since  the  mechanical  gage  string  supported  all  the  weight.  To 
make  up  for  this  slack,  an  extra  baU-cmsher-gage  block  and  50-ft  pendant  were  added  to  these 
strings.  The  depths  of  the  gage  blocks  which  were  near  mechanical  gages  were  obtained  from 
the  depths  of  the  mechanical  gages.  Depths  of  the  remaining  gage  blocks  were  estimated  by 
assuming  that  the  ball-crusher-gage  blocks  were  spaced  evenly  between  mechanical  gages.. 

2.3.2  Installation  and  Recovery  of  Gages 

On  the  YFNB’s  the  %-in.  wire  rope  was  lowered  from  a  drum  on  a  winch.  It  was  nia  ever  a 
block  at  the  end  of  a  boom  which  projected  over  the  side  of  the  barge.  The  mechanical  gages  and 
the  ball-crushcr  blocks  were  attached  to  the  cable  as  it  was  lowered.  The  weight  of  each  com¬ 
bined  string  was  supported  by  its  winch.  A  pendant  from  the  ball-crusher  string  was  secured  to 
a  bit  on  the  deck  of  each  YFNB  to  serve  as  a  safety  cable. 

A  complete  gage  string  was  lowered  from  the  YFNB-13,  and  a  partial  string  was  lowered 
from  the  YFNB-29.  The  string  on  the  YFNB-12  was  not  lowered. 

The  ball-c.rushcr-gage  strings  that  were  hung  on  the  flotation  buoys  were  lowered  from 
the  USS  Butternut  (AN-9)  or  the  VS3  Bolster  {ARS-38).  The  gags  strings  were  connected  to¬ 
gether  c.”.  deck  ar.d  lowered  over  the  side  by  means  of  tumblir^  »ooks.  Tiie  gage  altltig*  'were 
taken  by  M-boat  to  the  towline.  Because  of  heavy  seas  it  was  not  possible  to  secure  the  gage 
strings  to  wire-  rope  pendants  hung  from  beneath  the  buoys  as  planned.  At  most  of  the  positions 
the  gage  strings  had  to  be  connected  to  the  ring  on  top  of  the  flotation  buoys. 

On  the  YFNB’s  all  the  gages  that  were  Installed  were  recovered.  None  of  the  ball-crusher 
gages  which  were  hung  on  the  flotation  buoys  were  recovered.  At  the  1520-n  position,* aeither 
the  flotation  nor  the  safety  buoy  was  recovered.  At  the  1920-ft  position  the  flotation  bwy  was 
not  found,  but  the  .safety  buoy  was  retrieved;  however,  the  recovery  line  had  parted  between  the 
buoy  and  the  first  gage  block.  At  the  3520-  and  11,900-ft  positions  the  flotation  buoys  were  ■ 
recovered.  Neither  of  these  positions  had  a  safety  buoy. 
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MECHANICAL  PRESSURE-TIME  GAGES  AND  SYSTEMS 


3.t  INTRODUCTION 

3.1.1  ObiecUves 

The  development  of  a  self-contained  mechanical- recording  pressure-time  gage  was  Initiated 
for  use  on  Wigwam  to  provide  a  backup  system  for  the  NOL  electronic  systems. 

The  objcctives  and  requirements  were: 

1.  Pressure  sensing  and  recording  using  techniques  diiiercnt  from  those  of  the  electronic 

systems. 

2.  Starting  of  the  recorders  to  be  independent  of  the  Edgerton,  Cermeshausen  &  Grier 
(EGtiO)  timing  system. 

3.  Independent  attachment  to  the  towline. 

4.  Principal  shock  peak-pressure  measurement  accuracy  ot  ±10  per  cent  over  a  range 
from  500  to  3000  psL 

9.  Time  resolution  of  3  msec  or  better  for  events  lasting  up  to  100  msec, 
fl.  Time  accuracy  of  1  per  cent  for  Intervals  %  sec  long. 

3.1.2  Background 

Measurement  of  underwater  shock  pressures  by  means  of  a  sclf-containc-d  pressure-time 
recorder  was  first  accomplished  on  an  atomic  burst  by  the  University  of  Washington  on  Cross- 
roads.*"*  Two  designs  were  used,  a  linear  recorder  and  a  banjo  or  logarithmic  recorder 

(ng.  3.1). 

The  linear  recorder  was  housed  in  a  1200-lb  cylindrical  container,  30  in.  long  and  25  In.  In 
diameter.  It  could  measure  pressures  up  to  1000  psl  and  could  withstand  shock  up  to  1000  g 
without  damage.  It  could  be  started  in  advance  electrically  by  a  blast  switch  or  timing  signal. 

Its  sensing  element  was  a  10-in.  diaphragm  acoustically  damped  so  that  it  did  not  overshoot 
ntove  than  5  per  cent  for  a  step  pressure  pulse.  A  stylus  fastened  to  the  diaphragm  scratched 
a  chrome-plated  disc  3  in.  in  diameter  which  rotated  a  fixed  number  of  turns  at  4  rpm. 

The  banjo  or  logarithmic  recorder  was  8  in.  in  diameter  and  3  in.  thick.  It  also  used  a 
diaphragm  as  a  sensing  element;  however,  the  diaphragm  was  effectively  damped  by  sponge 
rubber,  which  gave  characteristics  about  the  same  as  those  of  the  linear  recorder.  The  stylus 
of  this  gage  recorded  by  scratching  on  a  fiat  surface  of  a  rod  which  moved  in  a  straight  line 
under  the  action  of  a  spring.  The  initial  recording  speed  was  about  1  in./scc.  The  rod  was 
restrained  by  a  piston  moving  in  oil  so  that  ics  displacement  varied  logarithmically  with  time. 
Starting  was  accomplished  at  shock  arrival.  Neither  gage  used  any  time  marker  system,  which 
meant  that  time  measurements  were  obtained  from  a  cr'lbralion  of  the  recording  speed  which 
was  conducied  under  the  circumstances  of  no  shock. 
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Photugraphii  of  some  of  the  better  University  of  Washington  original  pressure-time  records 
af  the  prlacipai  shock  phase  are  shew*  i»  Fig».  3^3  and  3.3.  The  eenipiete  lyfui  Js  may  be  sees 
in  the  analysis  stnrly  made  by  the  University  of  California.*  The  time  scale  shown  was  con¬ 
structed  using  recording  speed  and  enlargement  information  furnished  by  the  University  at 
Washington.  The  marks  do  not  represent  positive  durations  and  are  provided  only  as  an  ap¬ 
proximate  time  scale. 

It  is  obvious  that  there  was  considerable  time  distortion  present  in  the  principal  pulses 
!rom  both  types  of  recorders.  This  distortion  in  the  log  or  banjo  recorder  must  hare  been  due 
to  the  fact  that  the  recording  surface  was  sensitive  to  linear  acceleration.  In  the  case  of  the 
linear  recorder,  the  University  of  Washington  stated  that  the  probable  cause  was  stoppage  o( 
the  motor  or  gear  train,  slipping  of  the  recording  disc,  or  gear  backlash. 

Pressure  distortion  was  also  present,  but  the  amount  is  difficult  to  determine.  If  the 
principal  pulse  was  made  up  of  two  to  five  very  short  duration  pulses  as  concluded  by  the 
University  of  California,*  the  gages  may  have  been  too  slow  to  fully  respond.  In  addition  it 
seems  that  some  pressure-sensitivity  to  linear  acceleration  should  have  been  present. 

From  the  foregoing  the  reader  can  obtain  an  idea  of  some  of  the  difficulties  to  be  overcoiM 
in  making  a  self-contained  recorder  capable  of  withstanding  500-  to  1000-g  shock  and  at  th* 
same  time  giving  an  undistorted  record.  For  the  Wigwam  shot  a  new  design  was  necessary 
because: 

1.  The  linear  recorder  was  too  heavy  for  handling  with  seven  gages  on  a  string  dropping  to 
a  lOOO-’ft  depth. 

2.  TTje  linear-recorder  case  was  too  weak  for  expected  shock  pressures. 

3.  The  logarithmic  recorder  could  not  be  readily  modified  to  give  sufficient  recording  time 
for  Wigwam  without  sacrificing  time  resolution. 

4.  Neither  recorder  had  any  provision  for  a  timing  trace,  which  was  felt  necessary  to 
determine  what  speed  changes,  if  any,  occurred  during  periods  of  heavy  scceleratton. 

5.  There  was  some  doubt  about  the  acceleration  sensitivity  of  the  pressure-sensing 
diaphragm  under  shock. 

3.2  GENERAL  DESCraPTION 

Tha  mechanical  pressure-time  recorder  (Figs.  3.4  to  3.6)  developed  by  NOL  recorded 
small  rotary  displacements  of  the  sensing  clement  directly  on  a  rotating  smoked-glass  drum. 

The  sensing  element  was  a  hoilow  twisted  tube  which  rotated  so  as  to  untwist  when  internal 
pressure  was  applied.  There  was  a  stylus  on  the  moving  end  of  the  element.  The  moving  end 
of  the  clement  was  supported  in  a  bearing,  ai\d  the  stylus  arm  was  balanced  to  reduce  linear 
acceleration  effects.  The  stylus  weight  was  held  to  a  minimum  to  keep  the  rotatibnal  Inertia 
down  and  the  natural  frequency  high.  Shock  pressure  entered  the  water-filled  twisted  tube 
through  a  water-filled  spiraled  lead-in  tube  having  an  orifice  at  its  entrance.  The  system  was 
theoretically  quite  Insensitive  to  linear  acceleration. 

The  deflection  of  the  stylus  was  roughly  0,017  in.  for  the  rated  pressure  of  the  element; 
however,  it  was  found  that  the  rated  pressures  of  the  element  could  safely  be  Increased  by  two 
or  three  times.  The  range  of  the  sensing  element  was  further  increased  by  means  of  a  negative 
bias  obtained  by  charging  the  Inside  of  the  gage  housing  with  air  pressure  ranging  from  400  to 
1000  psi. 

The  drum  was  driven  through  worm  gearing  by  a  modified  Army  M-500  fuze  movement, 
which  for  this  recorder  was  called  a  clock  or  spring  motor.  This  unit  was  used  because  it 
could  witlistand  heavy  shock  loads  and  because  it  could  start  in  2  or  3  msec.  Power  was  taken 
off  a  gear  fastened  to  the  escapement  wheel  of  the  motor. 

The  escapement  was  released  by  a  trigger  energized  by  a  National  Bureau  of  Standards 
explosive  motor,  DS  25,  which  was  energized  electrically. 

The  shock-excited  reed  provided  a  timing  trace.  The  record  was  reproduced  by  photo¬ 
graphing  the  trace  through  the  eyepiece  of  a  40  power  microscope  or  by  wrapping  film  around 
the  transparent  recording  drum  and  exposing  it  to  an  internal  light. 
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Range  STa  yd, 
Recol-d  No.  B-8-1 


Range  935  yd. 
Record  No.  B-3-1 


Range  1040  yd, 
Record  No.  B-38-1 


Range  1250  yd, 
Record  No.  B-21-1 


Fig.  3.2~UpivetsUy  of  Wasiiington  linear  recorder:  original  Crossroads  records  at  100-ft  depth. 
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Fig.  3.4— Schematic  dUg:am  of  ihe  NOL  mechanical  pieuute-time  2*8^ 
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The  recorder  was  housed  in  a  7>in.-dlaineter  bronze  baU.  S  was  separated  ftwm  tbe 
housing  by  eight  lead  plugs  and  eight  rubber  washers  which  acted  as  shodc  absorbers. 

For  the  Wigwam  test,  two  methods  of  starting  were  employed.  The  first  utilized  a  blast 
switch  of  novel  design  (Figs.  3.7  and  3.8)  which  closed  by  shock  pressure  several  milliseconds 
before  shock  arrival  at  the  recorder.  The  second  method  utilized  a  relay  closed  by  tbe  EG&G 
system. 

3.3  DEVELOPMENT 

The  principal  problems  encountered  by  NOL  during  the  development  period  arose  from  the 
lack  of  a  calibrating  facility  which  could  provide  a  step  pressure  rise  of  known  amplitude  and  a 
rectangular  pulse  of  known  duration. 

The  first  \i'as  solved  by  constructing  a  pressure  vessel  in  which  one  or  more  ND-24 
detonators  could  bo  fired.  A  dlapludgm  strain  gage  (Fig,  3,9)  made  by  Control  Engineering 
Corporation  of  Norwood,  Mass,,  having  a  20,000-cycle/sec  natural  frequency,  was  used  for  the 
measurement  of  pressure.  Before  the  shot  this  apparatus  had  only  been  developed  to  the  point 
where  It  could  be  used  for  damping  studies.  After  the  test  the  apparatus  (Fig.  3.10)  was  refined 
so  that  pressure  comparison  belween  mechanical  and  strain  gage  records  was  sufficiently 
accurate. 

A  rectangular  pulse  of  known  duration  was  provided  by  the  use  of  a  conical  charge  of  TNT, 
25  ft  long.^  This  was  fired  In  the  Potomac  River,  and  It  produced  a  rectangular  pulse  6  msec 
long  at  6000  psi.  Only  two  such  tests  were  made.  Some  additional  information  was  obtained  by 
the  use  of  small  conical  chargen  giving  a  rectangular  pulse  1  msec  long;  however,  these  were  o3f 
little  use  because  the  recording  speed  was  too  slow  to  make  It  possible  to  read  time  to  1  msec. 

In  the  course  of  developing  and  checking  out  40  gages,  many  time-consuming  problems 
arose.  In  brief  some  of  these  were: 

1.  Leakage  of  sensing  elements  at  points  which  were  silver  soldered. 

2.  Sensing  element  friction. 

3.  Stylus  design. 

4.  Escapement  wear  and  breakage. 

5.  Shock  mounting. 

6.  Stuffing-gland  leakage. 

7.  Trigger  design, 

8.  Worm-gearing  backlanb, 

9.  Starter  leakage. 

10.  Damping. 

Although  solutions  to  all  these  problems  were  found.  It  became  apparent  during  the  program 
that  there  was  not  sufficient  time  to  moke  all  the  usual  tests  before  the  shot  and  still  have  time 
for  corrective  design.  It  was  decided  Uiat  it  was  better  to  have  all  the  gages  In  use,  although 
some  deficiencies  were  expected,  rather  than  to  perfect  a  few  gages. 


3.4  DETAILED  CHARACTEHISTICS 


The  following  Is  a  brief  summary  of  the  characteristics  of  the  gage  and  the  blast  switch. 


3,4,1  Sensing  Element 

Type:  Wlancko  twisted  lube,  which  rotated  a  l-ln.-loiig  balanced  magnesium  stylus  arm  with 
a  diamond  stylus  of  0,002-ln.  tip  radius 
Ma.\imum  displacement:  s  0.050  In. 

Response:  Frequency  uiuhimpcd,  about  1000  cycles/sec;  critically  damped  response  time, 
about  1.0  msec  for  the  step  pulse 
Nominal  sonsitlvltics  used:  150  to  1000  psi 
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Type:  Microrecording,  on  a  l.O-in.-diameter  smo&ed-glass  drum,  with  sprijis-powere<l 
motor,  escapement  speed  control,  and  worm  gearing 
Recording  time:  10  to  15  sec 
Drum  speed:  About  0.2  rps  or  0.0006  In./msec 

Timing  trace:  By  shock-e.xcited' 50-cycle/sec  cantilever  reed  and  stylus 
Line  width:  0.0005  in.  (0,5  mil),  representing  0.5  per  cent  maximum  pressure  dlsplacemesl 
and  about  1  msec  in  time 

Recorder  staxUngv  Explosive- motor-actuated  escapement  release  IeTec;-po«ec  require-  ' 
ments,  2  volts  and  0.2  ma;  available  force,  10  lb;  stroke, 

Starting  time:  2  msec 

Weight  of  recorder:  5  lb 

Weight  of  recorder  housing:  75  lb 

3.4.3  Blast  Switch 

Operating  pressure:  75  to  100  psl 
Operating  time:  0.1  msec 
Depth  range:  0  to  2000  ft 

Power  pack:  180-volt  battery  paralleled  by  a  4-pf  condenser 
Size:  2.5  in.  in  diameter  by  18  in.  in  length 
Weight:  10  lb 


3,5  INSTALLATION 


Plans  were  made  to  install  five  strings  of  gages  in  the  region  straddling  the  SQUAW  targetc^ 
as  follows: 

1.  Buoy  string  No.  1,  2800  ft  from  the  YC 

2.  Buoy  string  No.  2,  4500  ft  from  the  YC 

3.  YFNB-12  I  Qjj  Ijig  quarter  about  170  ft  alt  of  the  piezoelectric  and 

4.  YFNB-13  >  wiancko  gage  string 

5.  YFNB-29  J  e  &  -s 

Each  buoy  string  was  de.signed  to  be  suspended  by  a  4-  by  4-  by  4-ft  solid  wood  buoy 
(Fig.  3.11)  which  was  towed  at  the  end  of  a  150-ft  spar  (Fig.  3.12)  by  a  100-lt  wire-rope  pendant, 
as  shown  in  Fig.  3.13. 

The  buoys  were  made  of  solid  wood  to  withstand  the  water  shock  without  colIapsir.g.  Tlie 
purpose  of  the  spars  was  to  keep  the  gage  strings  away  from  the  towline,  which  was  expected  to 
sink  after  the  blast  and  which  might  carry  the  gage  string  down  with  it.  The  spars  were  designed 
to  release  the  buoy  pendant  when  the  towline  end  of  the  spar  was  50  ft  deep.  The  buoys  also  w«r* 
designed  to  release  the  tow  pendant  should  the  buoy  be  dragged  under  by  50  ft.  Each  gage  on  Uis 
buoy  line  was  suspended  in  an  autifouling  frame  designed  to  shed  the  tow  cable  should  it  drag  by 
(see  Fig.  3.14). 

Because  of  the  heavy  weather  and  the  resultant  difficulty  in  connecting  up  the  tow,  lowering 
of  the  gage  strings  was  delayed  as  long  as  possible.  During  the  afternoon  of  D-1,  buoy  string 
No.  1  was  lowered  and  connected  to  its  150-It  spar.  The  spar  for  buoy  string  No.  2  was  not 
spread  out  that  night.  On  the  morning  of  D-day,  buoy  string  No.  2  was  lowered  from  the  USS 
Bolster  (ARS-38).  This  siring  was-towed  to  the  spar  location,  but  the  spar  had  parted  its  forwarif 
pendant  and  had  fouled  up  the  tow  bridle.  As  there  was  insufficient  time  to  free  this,  the  wooden 
buoy  was  secured  to  the  4700-ft  towline  buoy  by  means  of  a  40-ft  pendant.  The  spar  and  buoy  <4 
buoy  string  No.  1  were  riding  satisfactorily  on  the  morning  of  D-day  (H-4). 

Ix)wcring  of  the  YFNB  strings  was  done  after  midnight  before  D-day.  This  work  was 
hampered  by  darkness,  misuse  of  handling  equipment,  and  activity  on  the  YFNB  stem,  where 
repairs  were  being  made  to  the  SQUAW  pontoon  lashings.  Strings  were  lowered,  however,  on 
the  YFNB’s  13  and  29.  Figure  3.15  shows  the  gages  packed,  prepared  for  lowering,  and  just 
before  eiUering  the  water. 
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Fig,  3.14 — Aiitifoullng  frame  for  mechanical  pressure-Ume  gage 
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The  buo7  strings  were  installed  as  follows: 

1.  Buoy  string  No.  i  at  380(1  ft  fKmt  zero,  seetnedst  Hie  ewl  of  the  tS9^lt  sjmie. 

2.  Buoy  string  No.  2  at  4700  ft  from  zero,  secured  to  the  towline  buoy. 

The  Vcitioal  arrangement  was  as  shown  in  Fig.  3.1C. 

On  each  string,  two  independent  starting  circuits  were  used,  four  gages  on  one  circuit  and 
three  on  the  other.  A  blast  switch  was  connected  to  ea«*  circuU  at  the  2800-  and  4700-ft  sta- 
tiens.  On  the  YFfJB  strings,  three  gages  were  connected  to  a  blast  switch,  and  the  other  four 
gages  were  connected  to  a  power  supply  in  series  with  ft*  K(j&G  relay  set  lor  closing  at  zero 
time.  These  latter  relays  were  connected  after  the  strings  were  lowered. 

At  2800  ft  both  switches  were  located  275  ft  below  U*  tOOQ-ft  gage  because  ft*  •hock,  leant 
was  predicted  to  approach  from  below.  At  the  4700-11  station  the  prediction  was  uncertain,  so 
one  switch  was  suspended  at  1275  ft  and  the  other  at  300-tt  depth,  by  means  of  a  trailing  float. 
However,  because  of  heavy  seas  and  cough  handling  the  trailing  float  parted  from  the  switch  and 
the  starter  settled  to  approziisatsly  SQQ  ft  below  the  surface. ' 

On  the  YFNB's  the  50-,  100-,  and  750-ft  gages  were  connected  to  a  blast  switch  located  at 
the  300-ft  depth.  This  was  based  on  the  prediction  that  thermal  refraction  would  cause  the 
shock  to  arrive  at  Intermediate  positions  of  the  gage  string  before  It  arrived  at  the  .top  and 
bottom  positions  and  would  thus  give  plenty  of  starting  ttsae. 

The  following  operations  were  done  on  each  gage  siring  before  lowering  it  Into  the  water: 

1.  The  inside  of  each  gage  honsing  was  charged  with  air  between  3(X)  and  1000  psi,  depend¬ 
ing  on  the  element  rating.  This  procedure  increased  the  range  of  the  gage,  kept  water  out  if 
leaks  developed,  and  gave  a  method  of  checking  for  leaksu. 

2.  Frames  were  bolted  onto  housings. 

3.  The  lead-ln  tubes  were  vacuum-filled  with  water.  ITWs  was  done  to  remove  all  air 
bubbles. 

4.  Blast  switclies  were  spliced  into  the  line. 

5.  Blast  switclies  were  closed,  and  voltage  checks  were  made  at  each  gage. 

8.  Circuits  were  closed,  and  coolinulty  checks  were  suide. 

3.6  RECOVEHY 

Late  In  the  morning  of  0  +  1,  the  OSS  Tawasa  (ATF-92)  was  made  available  for  hunting 
instrument  floats.  Neither  the  Bolster  nor  the  Butternut  (AN-9)  was  available  as  originally 
planned  because  of  other  assignments. 

The  YFND-13  string  was  raised  during  the  night  of  D-day.  The  YFNB-29  string  was 
raised  on  the  morning  of  D+ 1. 

The  wooden  buoy  with  string  No.  2  was  located  and  raised  first.  The  mine  release  had  not 
operated.  The  75  ft  of  V^-ln,  wire  rope  which  fiad  been  attached  to  the  mine  I’c'case  in  Ihe  buoy 
was  missing,  indicating  failure  at  the  spliced  eye.  The  siariers  were  found  where  expected- 
one  at  the  600-11  depth  and  the  other  at  the  1275-it  depth.  The  wire  rope  and  electrical  cable 
were  r.ndioactlve  at  depths  above  300  ft.  Measurements  were  taken  of  radioactivity  as  the  wire 
was  raised.  It  was  then  cut  free  and  thrown  overboard. 

The  wooden  buoy  with  string  No.  1  was  recovered  next.  The  instrument  cable  had  parted 
somewhere  around  the  6C0-it  depth,  resulting  in  the  loss  of  the  750-  and  1000-ft  gages  and  the 
starters.  This  buoy  "showed  more  rantoactlvity  than  the  other,  as  did  the  wire  rope  and  the 
electrlc.il  cable.  The  mine  release  had  not  opened,  and  attached  to  U  was  a  30-lt  length  of  the 
V4-I11.  wire  rope,  with  a  frayed  end. 

BoOi  buoys  were  In  perfect  condition  and  were  returned  San  Die;;o,  Keitlier  150-fl  spar 
was  found.  They  were  presumed  to  have  suiik  with  the  towUne  to  which  they  were  attached, 
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CHAPTER  4 


CONFIDENTIAL ' 


ELECTRONIC  PRESSURE-TIME  SYSTEMS 


4.1  INTROOUCTION  ■ 

Electronic  pressure-time  recortung  equipment  was  located  on  two  LCifs  (the  0-1  and  0-2) 
and  the  three  YFNB’s.  The  basic  pressure-sensing  elements  used  at  each  oi  the  five  stations 
were  of  two  types — the  tourmaline  piezoelectric  gage  and  an  electromechanical  gage  manu¬ 
factured  by  the  V.'iajicko  Engineering  Co.,  Pasadena,  Calif.  The  piezoelectric  gages  were  sus¬ 
pended  in  the  water  on  low-noise  coaxial  cables  which  were,  in  turn,  supported  throughout -their 
length  by  a  steel  cable.  The  Wiancko  gages  did  not  require  the  use  of  special  low-noise  cables. 
At  each  of  the  two  LCM  stations  the  signal  cables  terminated  in  an  instrumeot  buoy  suspended 
over  the  water  at  the  stem  of  the  LCM,  whereas  at  the  YFNB  stations  the  signal  cables  were 
fed  through  a  port  in  the  side  of  the  ship  and  then  Into  an  Instrument  trailer  located  within  the 
YFNB.  At  each  of  the  live  recording  stations  the  mechanical  configuration  o<  the  equipment 
was  dictated  by  the  prime  requirement  of  having  the  electronics  as  Isolated  as  possible  from 
any  accelerations  which  might  have  interfered  with  the  recording  of  the  data. 

4J  MECHANICAL  WORK  ON  Lem’S 

4.2.1  LCM  HuUs 

The  LCM'based  recording  Instruments  were  within  the  limits  of  what  was  considered  to  be 
the  area  of  total  destruction  and  consequently  necesijltsted  r.  special  hnusirw  and  shock-mounting 
procedure  for  the  electronic  recording  equipment.  Since  the  LCM’s  served  only  as  a  floating 
base  from  which  a  buoy  conlabiing  the  recording  equip.Tient  was  suspended,  ihe  modifications  to 
the  LCM  hulls  were  centered  around  the  buoy  and  its  suspension  system. 

The  basic  modifications  to  each  50-ft  LCM  hull  were  as  follows: 

1.  The  tvw  engines,  screws,  and  drive  shafts  were  removed. 

2.  The  engine-room  casing  was  removed. 

3.  The  conning  tower,  rudder,  and  rudder  linkages  were  removed. 

4.  The  ramp  at  the  bow  of  the  LC.M’s  was  welded  shut  Instead  of  having  the  water  seals 
repaired  around  its  edges. 

3.  An  elevated  platform  with  a  cradle  for  nesting  the  buoy  when  in  the  “servicing"  position, 
along  with  a  .sheave  for  lowering  the  signal  cable  string,  was  constructed  on  the  quarter-deck  of 
each  LCM,  Flg»  4.1. 

6.  A  boom,  supported  by  .Tn  A-frame,  was  designed  and  built  to  serve  as  the  supporting 
structure  for  the  instrument  buoy.  Additional  interior  bracing  was  installed  along  the  sides  and 
the  stern  of  the  LCM’s  to  distribute  the  load  imposed  by  the  A-frame,  boom,  and  buoy. 

In  addition  to  the  above-nienttoaed  modifications  to  the  LCM’s,  a  metal  shelf  for  supporting 
the  EG&G  radio  receivers  was  constructed  in  the  well  of  each  LCM. 
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CONRDENTlAl  ■ 

4.2.2  LCM  Tow-cable  Attachment 

The  LCM’s  were  held  tn  position  in  the  target  array  by  the  tow  cable  which  connected  aK 
the  array  ships  together.  Initial  towing  of  the  LCM’s  was  accomplished  by  connecting  a 
“secondary”  cable  from  the  bow  of  the  LCM’s  to  a  floating  market  buoy  which  was.  Is  tsrs, 
fastened  into  the  main  towline.  To  keep  the  longitudinal  axis  of  the  LCM’s  parallel  to  the 
direction  of  the  tow,  the  main  towline  was  passed  through  two  eyelets  on  the  portside  of  eaA 
LCM.  The  line  was  free  to  slip  In  the  eyelets  but  waa  restrained  from  too  much  fore  and  aft 
movement  by  clips  which  were  attached  to  the  towline.  After  the  main  tow  cable  had  bees- 
secured  in  the  eyelets,  the  actual  towing  operation  was  transferred  to  the  main  cable. 

The  eyelet  was  part  of  a  bracket  which  slid  into  a  vertical  track  welded  to  the  side  of  the 
LCM  and  was  intended  to  break  loose  under  an  extreme  vertical  force  or,  should  the  LCM  sU^ 
by  a  hydrostatic  release. 

Figure  4.2  shows  the  bracket  through  which  the  main  tow  cable  was  passed. 

4.2.3  A-frame  and  Boom 

The  A-frame  with  its  associated  boom  was  the  major  structural  addition  nriade  to  the  LCl^s 
and  was  the  structure  around  which  most  of  the  other  LCM  modlflcallons  were  made^ 

The  A-frame  was  built  of  two  pieces  of  6-in.  steel  pipe  and  welded  together  at  one  end  to 
form  the  apex  of  the  A.  The  base  of  the  A  fitted  into  two  brackets — one  on  either  side  of  the 
stern  of  the  LCM  —  and  hinged  on  pins  which  permitted  the  A-framework'to  be  raised  or 
lowered.  Reference  to  Fig.  4.1  shows  how  the  legs  of  the  A-frame  straddled  the  buoy  cradle 
and  were  attached  to  the  deck  of  the  LCM. 

A  triangular  truss  boom  was  constructed  of  3-ln,  steel  pipe  and  rested  on  and  jrfvotcd 
around  the  cross  bar  of  the  A-framework  and  thus  served  as  the  immcillate  supporting  sirnctare 
from  which  the  buoy  was  hung.  The  lower  end  of  the  truss  boom  was  fastened  to  a  slider  whU 
was,  in  turn,  able  to  be  moved  along  the  length  of  a  greased  6-ln.-plpe  guide  rail  which  wan 
rigidly  fastened  to  the  deck  of  the  LCM.  Figure  4.3  shows  the  relation  between  the  truss  boora, 
A-frame,  and  the  guide  rail. 

In  practice,  the  position  of  the  slider  on  the  guide  rail  was  set  by  pulling  it  along  the  rail  by 
means  of  a  rope  and  block-and-tackle  arrangement.  This  action  determined  the  position  of  the 
triangular  truss  boom  and  thus  that  of  the  buoy.  For  reliability,  the  A*frarae,  boom,  and  foouds- 
tlons  into  the  LCM  hull  were  designed  to  withstand  and  transmit,  without  Jnechanically  falling.  *, 
10-g  acceleration  to  the  buoy-signal-cable  assembly. 


4.2.4  Winch  and  Generator  Power 

There  was  a  need  for  two  sources  of  mechanical  power  on  each  LCM,  one  to  drive  a  ge»- 
erator  lor  charging  the  nlckle-cadmlum  batteries  Lasiallcd  in  the  Instrumentation  buoy  and  the 
other  to  supply  power  for  electricity  and  a  winch.  The  mechanical  power  requirements  were 
met  by  installing  two  surplus  four-cylinder  engines  in  the  original  engine  compartment  of  each 
LCM.  Cooling  for  one  of  the  two  15-hp  water-cooled  engines  was  accomplished  by  Installing 
“keel  coolers,"  a  grldwork  of  cooling  pipes  located  below  the  keel  of  each  LCM;  the  other 
engine  made  use  of  a  conventional  radiator  and  fan  for  Us  cooling. 

Each  of  the  two  engines  was  directly  connected  to  a  three-phase  3-kva  110-voIt  alternator, 
and  the  port  engine  on  each  LCM  was,  In  addition  to  driving  an  alternator,  connected  through  * 
reverse  gear  unit  to  a  worm-gear  winch  located  on  the  tank  deck.  The  winch  was  used  pri¬ 
marily  for  handling  the  gage-support  cable  and  secondarily  to  aid  In  attaching  the  tow  cable  to 
the  LCM’s. 

The  portside  engine  and  alternator  supplied  electric  power  into  the  wiring  system  cf  each 
LCM,  and  the  output  of  the  other  engine-alternator  unit  w'as  fed  directly  into  a  three-phase 
electric  motor  wldch  was.  In  turn,  mechanically  connected  to  a  standard  SO-amp- capacity 
aircraft  type  generator.  This  aircraft  generator  ..ad  been  modified  slightly  by  adjusting  Us 
carbon-pile  voltage  regulator  In  order  to  produce  a  regulated  output  of  35  volts  (instead  of  the 
normal  28  volts).  Tne  35-volt  output  was  used  to  charge  the  nickel-cadmium  batlerifS  used  i« 
the  instrumentlon  buoy.  It  was  found  that  this  method  of  charging  the  buoy  batteries  permitted 
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tbem  to  be  recharged  is  the  shortest  ttme  and  without  any  danger  of  chimaging  the  batteries  or 
of  excessive  gassing.  The  complete  charging  time  could  be  limited  to  about  30  min  with  this 
systenn. 

4.3  MECHANICAI.  DESIGN  OF  INSTRUMENT  BUOYS 
4JS.t  Buoy-design  Coasidentions 

To  ensure  minternipted  recording  atshock-wave  arrival  time  and  a  miniroum  ot  danugt 
to  the  electronic  recording  equipment  during  the  recovery  interval,  the  buoy  housing  the  re¬ 
cording  equipment  at  locations  0-1  and  0-2  had  to  meet  the  following  design  conditions: 

1.  Be  suspended  from  an  expendable  floating  unit  and  be  clear  of  the  water  during  the 
critical  phase  of  the  underwater  shock. 

2.  A  means  of  releasing  the  buoy  from  the  LCM  should'the  suspension  point  for  the  buoy  ‘ 
experience  a  vertical  acceleration  of  more  than  4  g. 

3.  The  buoy  had  to  withstand  both  dynamic  and  static  pressures  of  100  psl  as  well  as  to 
maintain  leak  Integrity  throughout  the  test  and  for  an  anticipated  recovery  delay  of  three  weeks. 

4.  Safety  releases  had  to  be  provided  to  prevent  the  buoy  from  being  dragged  down  should  . 
It  or  Its  attached  cables  become  entangled  with  other  sinking  equipment; 

5.  The  total  weight  of  the  buoy  had  to  be  kept  to  a  minimum  in  order  to  facilitate  its 
handling  and  servicing  under  sea  conditions.  It  was  also  required  that  the  buoy  be  buoyant 
enough  to  remain  afloat  while  supporting  the  extra  weight  of  its  associated  cables  and  gages. 

4.3.2  Buoy 

The  baste  buoy  was  a  modified  S50-gal  gas  tank  manufactured  by  the  Buffalo  Tank  Corp., 
DunoUcii,  N.  3.  It  was  eosslructed  of  a  V|-ln,-sheet-stecl  cylinder  and  two  elliptical 
ends.  The  outside  diameter  of  the  tank  was  41  In.,  and  the  over-all  length  was  108  in.  The  net 
weight  of  the  lank  was  1300  Bh. 

To  provide  a  support  tor  the  tank  while  on  land,  legs  were  made  of  4-  by  4-in.  I-beams  and 
dog-legged  away  from  the  buoy  for  added  stability.  Each  leg  was  fitted  individually  into  a  socket 
near  the  top  tor  torsional  stability  and  then  bolted  in  a  tonguc-ln-groove  fashion  to  a  guard  near 
the  base  of  the  tank. 

The  basic  layout  of  the  individual  parts  of  the  buoy,  including  the  following  NOL  modifica¬ 
tions,  can  be  visualized  by  reference  to  the  buoy  schematic.  Fig.  4,4. 

1.  Upper  access  port:  The  upper  end  of  the  tank  was  cut  away  4  in.  below  the  top  edge  of 
the  cylindrical  section,  and  a  reinforced  flat  top  with  an  elliptical  30-in. -diameter  port  section 
was  welded  in  place.  A  flanged  head  served  as  a  lid  to  seal  off  the  port. 

2.  btternal  bracing:  Reinforcing  ribs  were  welded  to  the  inside  of  the  tank  to  Increase  its 
resistance  to  external  crushing  forces  after  a  hydrostatic  pressure  test  performed  on  the  tank 
showed  U  to  be  necessary.  The  results  of  this  test  showed  buckling  along  a  lap  weld  at  65  psl, 
indicating  a  m.arglnal  strength  and  a  need  for  the  reinforcing  ribs.  .Mter  reinforcing  with  the 
ribs,  the  tank  withstood  a  test  pressure  of  100  psl  without  any  leaks  or  other  damage. 

3.  tower  access  port:  The  bottom  end  of  the  tank  was  fitted  with  a  flanged  12-ln.  port  in 
order  to  provide  an  access  to  the  recording-equipment  cables  (located  inside  the  tank)  which 
were  to  be  connected  to  the  gage  cables  prior  to  the  lowering  of  the  gage  string. 

To  maintain  water  tightness  at  the  base  of  the  buoy  where  the  signal  cables  passed  through, 
a  gage-cable  connector  plate  was  designed  for  bolting  over  the  cable-port  opening.  Tlie  design 
of  the  connector  plate  was  dictated  by  the  requirement  of  maintaining  a  high  electrical  impedance 
of  the  gage  cables  and  by  the  necessity  of  making  the  connections  through  the  bottom  of  the  buoy 
after  the  electronics  had  bees  installed.  The  plate  consisted  of  a  Id'/j-in. -diameter  aluminum 
disk  iVj  in.  thick,  with  12  cable  entries  as  shown  in  Fig.  4.5.  The  plate  had  special  elongated 
bolt  holes  which  were  designed  to  permit  its  removal  without  removing  the  Allen  bolts  from  the 
port  flange.  This  design  eliminated  the  danger  of  dropping  either  the  bolts  or  the  gasket  Into  the 
water  while  servicing  the  buoy  at  sea.  A  cable  snubber  was  incorporated  into  the  plate  to  pre¬ 
vent  the  gage  cables  from  being  accidentally  pulled  out  at  the  stuffing  glands  and  thus  causing 
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Fig.  4.5 — Connector  plate. 
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damage  to  the  water-stop  connector.  TReruas  «£  tha-caVC^^DtAoer  and  the  teats  ^ 

are  covered  more  fully  In  Sec.  4.3.6,  * 

The  pressure  plate  was  tested  hydrostatically  to  checfc  for  water  tightness.  Leaks  developed 
around  the  weldments  and  the  Bendbc  gaskets  in.  thick)  but  were  remedied  alter  reworldng 
the  weldments  and  increasing  the  thickness  of  the  gaskets  to  is. 

Previous  experience  In  the  use  of  buoys  for  underwater  tests  showed  that  coaventlonsl 
stuffing  glands  were  Inadequate  for  maintaining  water  tightness  at  the  cahte-entry  points. 

When  cables  parted,  either  in  handling  or  under  shock,  the  water  would  seep  through  the  cable 
casing  past  the  stuffing  gland  and  into  the  buoy.  For  this  reason  the  cable  entries  to  the  buoy 
were  specially  designed  ioprovide-a  secondary  water  stop  in  the  event  the  cables  parted. 

Each  cable  entry  consisted  of  a  2-ln.-O.D.  ty  l-in.-IJ>.  tube  fitted  at  one  end  with  a  stuffing 
gland  and  at  the  other  end  with  a  water-stop  connector.  Each  connector  and  connector-plate 
assembly  was  pressure  tested  hydrostatically  at  100  psl.  Details  of  the  cable  entry  are  showw 
in  Fig.  4.6. 

4.  The  conical  guard:  A  conical-shaped  guard  was  welded  to  the  bettom  o4  the  buoy  to 
protect  the  vulnerable  connector  plate  and  the  cables  coming  fronn  it  and  also  to  reduce  the 
water-entry  shock  to  the  buoy  and  Its  electronics  when  it  dropped  into  the  water.  In  addition, 
the  guard  served  as  a  frame  to  which  the  steel  cable,  used  to  support  the. gage  atrlng,  was 
attached  and  aa  a  support  point  for  the  buoy  legs.  An  effort  was  made  to  avoid  securing  any 
equipment  under  load  directly  to  the  buoy  shell.  Details  of  the  conical  guard  and  the  leg- 
attachment  points  can  be  seen  In  Figs.  4.7  and  4.8. 


4.3.3  Electronics  Chassis  and  Buoy  Chassis  Mount 

To  support  the  electronics  within  the  buoy,  a  lightweight  aluntlnum  structure  was  designed 
which  consisted  essentially  of  four  channel  uprights,  two  plug-la  plates,  and  two  battery  boxes. 
The  unit  was  43  in.  high,  20  In.  wide,  and  24  in.  deep.  Four  3-tn.  aluminum  channels  were 
bolted  in  pairs,  flange  to  flange,  and  formed  the  uprights  and  the  main  structure  to  which  the 
tape  recorders,  the  panels,  and  the  battery  boxes  were  bolted.  The  matched  flanges  provided 
two  diametrically  opposite  keys  which  guided  the  completed  assembly  into  the  chassis  mount 
located  within  the  buoy.  The  panels,  Vt-in.  aluminum  plate,  were  fitted  with  special  quick  locks 
and  plugs  to  facilitate  the  electronic  component  replacement  and  bistallatlon.  The  two  battery 
boxes,  M  in.  wide  by  10  in.  high  by  10  in.  deep,  were  made  of  '4*bi.  aluminum  plate  and 
housed  23  nickel-cadmium  storage  batteries  each.  The  boxes  were  bolted  back  to  back  to  the 
bottom  of  the  channel  uprights  and  also  served  as  a  stand  to  support  the  electronics  assembly 
when  it  was  removed  from  the  buoy.  The  tape  recorders  were  bolted  back  to  back  at  the  top  of 
the  uprights.  By  loosening  six  bolts  the  aluminum  framework  could  be  split  into  two  Independent 
serticiis,  each  containing  a  complete  recording  installation.  Details  of  how  the  comp'Sicnt  parts 
are  fitted  together  can  be  seen  in  Fig.  4.9. 

To  support  the  electronics  within  tlie  buoy  and  isolate  it  from  shocks  and  hlgh-frequvncy  ■ 
oscillations,  a  rack,  sliown  in  Fig.  4.10,  resting  on  shock  mounts  was  fitted  In  the  upper^haif  of 
the  buoy.  The  rack  consisted  of  two  slotted  vertical  rails,  43  in.  high,  that  were  bolt^  to  two 
braced  horizontal  channels.  The  vertical  rails  served  as  guide  tracks  for  the  electronics 
cliassis,  and  the  channels  served  as  a  base  on  which  the  chassis  rested.  The  rack  assembly  was 
isolated  from  the  buoy  framework  by  two  shock  mounts  at  the-  lop  and  four  at  the  bottom.  To 
install  the  electronics,  the  vertical  rails  were  pulled  up  against  the  mounts  by  tightening  bolts 
in  them  which  served  to  compress  the  shock  mounts  and  thus  permitted  the  electronics  chassis 
to  slide  in  freely.  When  the  chassis  rested  on  the  base  channels,  the  vertical  rails  were  re¬ 
leased,  thus  clamping  the  chassis  securely.  A  retaining  bar,  bolted  to  the  top  of  the  rails, 
further  locked  the  chassis  in  place. 


4.3.4  Buoy-suspension  Unit 

The  buoy-was  suspended  over  the  water  by  a  one-point  suspension  system  to  reduce  the 
possibility  of  angular  acceleration  to  the  buoy  during  its  release;  this  was  Important  because 
the  recorder  tape  reels,  within  the  buoy,  were  sensitive  to  angular  accelerations.  The  buoy- 
suspension  unit,  shown  in  Fig.  4.1i,  consisted  of  a  tensile  bar,  a  collet,  and  a  three-strand  bridle. 
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Tensile  and  shuelc  tests  were  run  on  sample  tensile  bars  to  compare  the  strength  charac' 
teristics  under  shock  and  static  loading.  Annealed  copper  and  both  2S-0  and  61S-T6  aluminum 
were  tested,  and  it  was  found  that  the  brealdng  strength  of  each  material,  under  short-duration 
shock  loads,  was  greater  by  an  amount  approximately  equal  to  the  per  cent  elongation  of  the 
material  than  its  breaking  strength  imder  a  static  load.  Alomiimai  {61S-T6)  was  selected  for 
the  tensile  bar  to  reduce  the  load  on  the  M-boat  boom  when  under  shock  and  was  designed  pri¬ 
marily  to  release  the  buoy  under  a  minimum  of  4  g  of  accelerathM.  The  tensile  bar  consisted 
of  a  6-in.-long  bar  with  a  2-in.-diaraeter  shoulder,  a  %-in.-dlaineter  neck-down  shaft,  and  a 
iV4-in. -diameter  threaded  stud.  The  bar  was  supported  in  the  boom  hub  by  means  of  a  split 
collet  and  screwed  fnfo  the  wfre-rope  socket.  The  wfre-rope  socket  was  similar  to  conventional 
sockets  with  the  exception  that  three  strands  of  wire  were  bonded  into  a  three-hole  socket.  Each 
strand  was  made  up  of  %-ln.  wire,  10  in.  long,  with  a  %-in.  thimble  eye.  A  iVj-in.-l.D.  bridle 
ring  made  up  of  Vi-tn.'diameter  rod  ran  through  the  wire-cable  thimble  eyes  and  provided  an 
attachment  for  the  bridle.  The  bridle  itself  consisted  of  three  2-ft  lengths  of  chain,  joined  to 
the  bridle  ring  with  Vi'i***  d-shackles,  and  three  Mk  3  Mod  S  hydrostatic  releases  fitted  with 
y,-ln.  wire-rope  grommets. 

The  split  collet — the  supporting  member  for  the  tensile  bar — provided  a  quick  and  simple 
means  of  securing  tho  entire  buoy  assembly  to  the  boom  hub.  The  tensile  bar  was  simply 
thrust  up  through  a  2'in.-diameter  bole  in  the  bub,  the  collets  were  dropped  into  place  at  the 
top  of  the  hub,  and  the  bar  was  then  pulled  down  until  the  shoulder  rested  on  the  collets; 

The  three-strand  socket  was  designed  to  provide  a  flexible  link  between  the  tensile  member 
and  the  bridle  which,  by  pulleylike  action,  directed  the  shock  load  a.xial  to  the  bar  regardless  of 
the  orientation  of  the  M-boat.  The  bridle,  in  turn,  and  through  three  hydrostatic  releases,  sup¬ 
ported  the  buoy  from  three  suspension  ears  which  were  spaced  equally  around  the  rim  of  the 
buoy.  This  arrangement  allowed  ample  space  between  the  bridle  members  for  removing  the 
3S-ln. -diameter  buoy  lid  and'afforded  enough  headroom  to  lift  the  electronic  recording  equipment 
in  the  event  component  replacement  became  necessary. 

A  tensile  test,  using  a  6-g  tensile  bar,  was  run  on  the  complete  suspension  unit  to  evaluate 
the  assembly,  and  It  was  found,  after  a  few  modifications  (such  as  Increasing  the  diameter  of 
the  wire-rope  gi-oiiitni'l  to  in.),  that  no  mechanical  failures  occurred  even  when  a  shock 
sufficient  to  break  the  6-g  tensile  bar  was  applied. 


4,3.5  Buoy  and  Pendant  Heleases- 

The  suspension  system  used  for  each  of  the  buoys  made  use  of  three  hydrostatic  releases 
which  formed  a  connecting  link  between  each  of  the  supporting  ears  on  the  buoy  mid  the  bridle 
ring  (Fig.  4.11).  Their  purpose  was  to  free  the  buoy  from  the  M-boal  il  the  initial  shock  should 
fail  to  break  the  tensile  bar,  in  which  case  the  M-boat  would  sink  and  drag  the  buoy  down  with 
it.  The  releases  were  slightly  modified  by  Installing  heavier  springs  in  them  to  prevent  them  . 
from  being  triggered  by  the  shock.  However,  if  the  tensile  bar  did  net  break  and  the  M-boat 
did  drag  the  buoy  under,'  the  releases  would  have  freed  the  buoy  at  a  depth  of  200  ft. 

In  addition  to  the  three  releases  in  the  suspension  harness  of  each  buoy,  there  were  two 
other  hydrostatic  releases  used  to  ensure  the  flotation  of  the  buoy.  Reference  to  Fig.  4.4  will 
show  two  hydrostatic  pendant  releases,  one  fastened  to  the*  side  of  the  buoy  near  its  top  and  the 
other  within  the  conical  guard  at  the  base  of  the  buoy.  These  two  releases  were  connected  in 
parallel  to  ensure  against  a  premature  release  during  handling  and  were  intended  to  release 
the  steel  cable  supporting  the  signal  cables  from  thi.  ouoy  should  sinking  equipment  become 
entangled  in  tlie  cables  and  pull  the  buoy  down. 

The  pendant  release  consisted  of  two  modified  Mk  3  Mod  5  hydrostatic  releases  and  a 
suspension  bracket  linked  together  with  a  Vj|-ln.  chain.  As  a  result  of  laboratory  tests  with  an 
air  gun  for  checking  the  response  of  the  releases  to  pressure  pulses,  the  release  bellows  were 
modified  to  delay  their  actuation  time  from  0.1  to  15  sec.  This  was  necessary  to  prevent  their 
actuation  by  anticipated  pressure  pulses  following  the  entry  of  the  buoy  into  the  water.  After 
modifying  the  releases  to  prevent  them  from  being  triggered  by  long-duration  (of  the  order  of 
too  msec)  pressure  jmlsos,  they  were  essentially  tested  under  hydrostatic  comHtlons  to  de¬ 
termine  their  actiiatloii  time.  It  was  found  that  the  orifice  type  of  release  actuated  in  10  to  30 
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sec  and  the  stem-Iea&age  type  actuated  in  S  to  3Q  sec.  It  was  decided  to  use  the  UtUs  type  aise» 
there  was  less  chance  of  its  becoming  clogged  while  in  service.  The  modifications  to  the 
pendant  release  are  shown  in  Fig.  4.11. 

To  test  the  complete  suspension  unit  for  wear,  the  buoy  was  left  hanging  from  the  M-boat 
truss  boom  in  the  ready  position  and  allowed  to  swing  free  for  a  one-week  period.  The  test  was 
run  at  dockside  with  no  toad  or  pendant  on  the  buoy.  It  was  found  that  ho  appreciable  chafing 
was  observed  on  any  of  the  strands  in  the  wire-rope  socket;  only  the  marline  winding  had  worn  . 
away.  Then,  with  the  buoy  stilt  in  the  ready  position  and  with  a  ’4500-lb  weight  hanging  25  ft 
below  in  the  water  and  attached  to  the  suspenskm  bracket  of  the  buoy,  the  M-boat  was  towed' 
at  3  knots  to  test  the  bridle  for  resistance  to  drag  loads.  No  apparent  damage  was  ebserved  to 
any  of  the  components  in  suspension  system. 

4  J.6  Upper  and  Lower  Cable  Cutters 

Control  cables  for  the  buoy  and  the  NRL  gage  cables,  secured  to  the  top  of  the  buoy  and  to 
electronics  aboard  the  M-boat,  had  to  be  cut  away  if  the  buoy  dropped  from  the  boom.*  Cutting 
had  to  be  done  without  putting  strain  on  the  cable  connectors  in  the  buoy  or  accelerating  the 
buoy  angularly.  The  upper  cable  cutter,  shown  in  Fig.  4.13,  was  dCaigned  to  utillze  the  energy 
of  the  falling  buoy  for  cutting  free  both  the  riectrical  control  cables  and  the  NRL  cables  and  to 
apply  the  cutting  load  axial  to  the  buoy.  The  unit  consisted  of  two  titin-wallcd  cylinders,  one 
fitting  'Within  the  other.  Essentially,  the  inner  cylinder  held  the  cables  fast  in  specially  milled  ■ 
slots  while  the  outer  cylinder  cut  them  free.  Otte  cylinder  was  fastened  to  the  boom,  and  the. 
other  was  fastened  to  the  center  of  the  buoy  IW.  As  the  buoy  fell,  the  cylinders  were  pulled 
apart,  and  thus  the  cables  were  cut. 

In  addition  to  severing  the  buoy  control  cables  and  the  NRL  gage  cables  when  the  buoy 
dropped  away  from  the  supporting  boom,  there  were  gage  signal  cables  coming  from  the  bottom 
of  the  buoy  which  had  to  be  cut  if  they  became  entangled  with  other  sinking  equipment  and 
dragged  the  buoy  down.  The  hydrostatic  pendant  release  (described  in  Sec.  4.3.5)  would  have 
actuated  at  a  depth  of  iOO  ft  and  released  the  sted  supporting  cable  to  which  the  gage  signal 
cables  were  fastened,  thus  putting  the  entire  weight  of  the  signal  cables  on  the  comiector  plate 
(described  In  Sec.  4.3.2)  and  still  endangering  the  buoy.  Because  of  this  possibility,  a  cable 
snubber  unit  was  designed  and  made  a  part  of  the  connector  plate  (Fig.  4.5).  The  edges  of  the 
slots  In  the  snubber  unit  were  designed  to  cut  rather  than  simply  restrain  the  cables.  -Msc,  the 
cables  were  assembled  so  that  six  pairs  of  cables  differed  in  length  by  2  in,;  therefore  the 
entire  weight  of  the  pendant  (1500  lb)  would  be  brought  to  bear  in  turn  on  each  of  the  cables. 

Tests  conducted  with  dummy  loads  connected  to  relatively  short  pieces  of  signal  cables  to 
simulate  the  weight  of  the  total  length  of  the  signal  cables  showed  that  none  of  the  cables  pulled 
out  at  the  stuffing  glands  when  the  hydrostatic  pendant  release  was  actuated  and  that  the  cables 
were  severed  neatly  at  the  cutting  edge  of  the  snubber  as  intended. 
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4.4  OPERATION  OF  INSTRUMENT  BUOY 
4.4.t  Plan  of  Operation 


I 


The  two  LCM's  (the  0-t  and  0-2)  were  ferried  out  to  the  Pacific  testing  grounds  In  the 
I.SD-19;  and,  before  being  launched,  the  following  operations  wore  completed:  The  buoys  were 
hung  from  their  respective  booms,  the  gage  signal  cables  were  connected,  the  electronic  re¬ 
cording  equipment  and  sensing  gages  were  checked,  the  buoy  batteries  were  charged,  the  EO&G 
radios  were  tested,  and  the  hydrostatic  releases  were  set.  On  the  LST-1048  the  tow-cable 
attachment  fittings  were  installed  and  checked. 
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Each  LCM  was  towed  to  the  tow  wire  by  a  powered  LCM  on  D-2,and  60- ft  wire  pendants 
•were  used  to  attach  it  temporarily  to  the  main  tow  cable.  The  winches  on  board  the  LCM's 
were  then  used  to  raise  the  tow  cable  and  place  it  in  the  side  brackets  {Sec.  4.2.2),  first  the 
forward  bracket  and  then  the  one  oear  the  stern.  Safety  chains  were  attached,  and  the  boats 
were  then  considered  secure  in  toe  niain  tow. 


On  D-r-l.the  \-ln.  nontwistirg  steel  supporting  cable  was  payed  out  over  the  stern  sheave 
on  each  LCM,  and  the  signal  cables  wi;h  the  pressure-sensing  gages  (Figs.  4.14  and  4,15)  were 
futened  to  the  steel  supporting  cable  at  intervals  varying  from  12  to  50  ft.  After  the  steel 
supporting  cable  with  Its  attachetS  signal  cables  had  been  let  out,  the  end  of  the  steel  cable  was 
attached  to  the  bottom  of  the  buoy.  Then  the  buoy,  with  the  use  of  the  winches,  the  A-frame,  and 
the  truss  boom  (with  the  buoy),  was  moved  to  its  outboard  position  to  complete  the  setting  opera¬ 
tion.  The  EG&G  radio  control  receivers  were  again  checked,  and  a  visual  inspection  of  all  the 
gear  was  made  to  check  for  points  of  wear  to  ensure  its  proper' operation.  All  machinery  and 
loose  gear  were  then  secured. 

At  H— 1  min  the  buoys  were  to  have  been  operating  independently  of  their  LCM's.  It  was 
planned  that  each  buoy,  at  that  time,  would  be  ready  for  the  following  sequence  of  events: 

1.  The  arrival  of  the  shock  wave  and  the-  resultant  movement  of  the  LCM  Would  break  the 

tensile  bar  supporting  the  buoy.  '  "  ■ 

2.  As  the  buoy  fell  away  from  the  LCM,  the  topside  electrical  cables  would  be  cut  by  the- 
cable  cutter. 

3.  In  the  event  that  the  buoy  not  fall  free  (owing  to  Insufficient  g  units  to  break  the 
tensile  bar)  and  the  LCM  sank  dragging  the  buoy  down,  the  gage  cables  would  be  cut  free  at,  a 
100-ft  depth  and  the  buoy  would  be  released  from  its  support. bridle  at  a  200-ft  depth  and  then 
noot  up  free. 


4.4.2  Results  of  Tests  (D-day) 

Despite  unfavorable  sea  conditions,  the  general  plan  of  operation  was  followed.  However, 
on  D-1,  emergency  chains  were  vised  to  support  the  towline  bracket  since  the  hydrostatic 
releases,  originally  Intended  for  this  purpose,  mechanically  failed  in  the  heavy  seas  prevailing 

at  that  time. 

A  lew  hours  before  zero  time  both  buoys  prematurely  dropped  free  of  the  LCM's  because 
of  chafing  or  failure  of  the  wire-rope  socket  units  of  the  suspension  bridles.  This  resulted  in 
cuttii^  the  buoys  off  from  the  radio  arming  signal,  thus  rendering  them  inoperative.  Conse¬ 
quently,  no  data  were  obtained.  A  survey  of  the  equipment  after  recovery  of  the  two  buoys  on 
D*1  and  D  +  2  revealed  no  further  failures  or  damage  despite  the  severe  shock  sustained  during 
handling  in  rough  seas.  No  leaks  -xere  observed  even  alter  the  buoys  had  been  in  the  water  for 
wcU  over  24  hr,  including  the  sfcsf  lime.  In  general,  servicing  and  handling  of  the  buoys  pre¬ 
sented  but  few  problems  .and  were  relatively  simple.  Both  LCM’s  survived  the  shot  but  were  not 
recovered. 


4.4.4  Recommendations 

The  buoys,  with  minor  niodiQcations,  could  be  used  adequately  in  similar  tests  or  where  it 
was  required  to  place  the  buoys  in  the  wafer.  However,  the  following  modifications  are  rec¬ 
ommended: 

1.  The  M-boat  boom  should  be  raised  sufficiently  to  permit  installation  of  the  tensile  bar 
between  fle.xible  linkages  and  outside  the  hub. 

2.  The  cables  from  the  electronics  Instruments  should  be  made  longer — preferably  long 
eiu>og]i  to  reach  at  least  3  ft  beyood  the  flanged  port  at  the  base  of  the  buoy  to  facilitate  making 
the  connections. 

3.  Design  the  suspension  hub  to  release  the  bridle  hydrostatically  with  just  one  Mk  3  Mod  5 
release  instead  of  the  three  which  were  used  in  the  present  system. 

4.  The  three-stvand  wlre-rop-e  sling  in  the  bridle  assembly  .should  be  materially 
strengthened. 
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MECBANICAI.  WORK  ASSOCIATE 


1.5.1  Trailers. 

Three  trailers  were  prorided  for  the  use  of  Project  1.2  to  accommodate  the  recording 
instrumentation  and  test  equipment  necessary  on  the  YFNB's.  One  trailer  was  rigidly  mounted 
in  the  forward  section  of  each  of  the  three  barges.  To  have  enough  clearance  between  the  top  of 
the  trailers  and  the  overhead  crossbeams  of  the  TFNB’s,  the  trailers  had  their  wheels,  springs, 
and  undercarriage  removed.  Figure  4.16  shows  how  the  chassis  of  each  of  the  trailers  rested 
directly  on,  and  was  welded  to,  two  10-in.  I-beams  placed  crossways  at  each  end  of  the  trailers. 
The  I-beams  were,  in  turn,  welded  to  the  deck  of  the  ship.  Extra  flanges  were  welded  to  the 
ends  of  the  I-beams  to  increase  their  effective  width  so  that  there  would  be  less  chance  of  the 
trailers  "rocking"  off.  The  I-beams  on  which  the  trailers  rested  were  centered  as  well  as 
possible  over  the  supporting  cross  members  under  the  YFNB  decks  to  distribute  the  load' 
Imposed  by  the  trailers  better  and  to  provide  an  even  more  rigid  support. 

Two  of  the  trailers  used  were  standard  refrigerated  meat -transport  trailers,  and  the  other 
was  a  conventional  cargo  carrier^  the  meat  trailers  were  placed  aboard  the  YFNB’s  12  and  29, 
and  the  cargo  trailer  was  placed  on  the  YFNB-13. 

Power  for  the  recording  electronics  was  supplied  from  within  the  trailers  by  standard' 

Navy  type  storage  batteries  which  were  clamped  into  an  angle-iron  framework  and  bolted  solidly 
to  the  frame  of  the  trailer.  It  was  not  considered  necessary  to  shock  mount  the  batteries  in  any 
way.  .  ' 

A  wooden  box  with  a  hinged  top  served  as  a  compartment  for  the  batteries  and  also  formed 
a  working  shelf  when  the  lid  was  closed.  Air-entrance  holes  were  drilled  at  one  end  of  the 
compartment  to  permit  the  exhaust  fan,  placed  at  the  opposite  end,  to  discharge  any  accumulated 
gases  formed  during  the  charging  cycle  to  the  outside  of  the  trailer.  Tungar  rectifiers  were 
mounted  on  the  side  wall  of  the  trailers  above  the  battery  compartment  for  the  purpose  of.  re¬ 
charging  the  batteries. 

Wooden  workbenches  with  padded  pigeonholes  were  designed  and  built  to  bouse  the  test ' 
equipment  and  other  spare  parts  associated  with  the  recording  equipment  and  were  secured  tc 
the  trailer  floor  with  wood  screws.  It  was  not  considered  necessary  that  the  workbenches  be 
able  to  survive  the  shock  but  rather  that  they  simply  afford  some  measure  of  protection  to  the 
test  equipment. 

A  first-aid  kit  and  two  fire  extinguishers,  with  reduced  charges  to  compensate  for  an 
anticipated  large  temperature  rise,  were  mounted  in  the  rear  of  each  trailer. 

4.5.2  Trailer  Iiistrumerdatioa  Mounts 

The  moat-transport  trailers  were  constructed  with  heavy  reinforcing  members  in  the  roof 
and  s'des  but  with  little  relative  strength  in  the  flooring.  The  cargo  type  carrier,  on  the  other 
hand,  had  its  main  strength  in  ihe  iiooiring,  and  its  sides  and  roof  were  thin  and  weak.  This 
built-in  celling  and  wail  strength  of  the  meat  trailers  was  utilized  by  bo'lting  four  steel  plates, 
with  hooks  welded  to  them,  directly  to  the  cross  braces  in  the  ceiling  and  four  similar  plates 
to  the  side  walls  near  the  floor.  It  was  from  these  hooks  that  the  recording  instrumentation  was 
suspended  by  means  of  shock  cords.  A  metal  boxlike  framework  had  to  be  built  inside  the  cargo 
trailer  to  Increase  its  strength  and  to  hold  the  eight  suspension  hooks,  but  otherwise  It  was 
similar  to  the  other  two  trailers.  Figure  4.17  shows  the  type  of  corner  construction  used  in 
the  cargo  trailer,  and  Fig.  4.18  shows  a  general  view  of  the  type  of  suspension  used  in  the  meat 
trailers. 

In  all  cases  the  equipment  was  suspended  in  the  forward  section  of  llie  trailer  by  multiple 
strands  of  Vj-in.  shock  cord  radiating  from  the  equipment  to  the  hooks  fastened  near  the  ceiling 
and  floor.  The  suspension  used  in  the  YFNB-13  (the  cargo  trailer)  was  “softer"  than  that  used 
in  the  meat  trailers  and  resulted  in  a  natural  vertical  period  of  about  1  sec  vs  Vj  sec  for  the 
other  type  system.  The  YFNB-13  system  also  had  a  much  lower  rotational  period  about  its 
vortical  a-sis  (1  see)  since  a  center-point  suspension  system  was  used  (Fig.  4.19),  as  compared 
to  about  V;  sec  for  the  other  two.  This  was  nreotsary  heraiise  »h.»  recording  equipment  used  at 
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Fig,  4,n—CoriKr  comtiucUon  of  lutpciuloa  cage  in  cargo  trailer. 
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the  YFNB-13  station  was  more  sosceptible  to  tape-speed  <Jiaiigcs  dvring  tb*  rceeediitg  peried- 
U  the  equipment  experienced  excessive  torsional  acceleratioaa. 

The  desi^  of  the  suspension  system  was  such  that  should  the  displacement  of  the  suspended 
recording  equipment  ever  reach  its  limit  (touch  either  the  side  or  the  floor  of  the  trailer)  the 
rastorlng  forces  tending  to  bring  the  instrumentation  equipment  back  to  its  center  position 
would  have  been  about  eight  times  gravity.  The  maximum  elongation  experienced  by  any  of  the 
shock  cords  onder  such  a  condition  would  have- been  a  100  per  cent  increase  in  its  initial  (un¬ 
stretched)  leogth,  stilt  some  20  pec  cent  below  its  breaking  pofaSU 

4.5.3  Stgnal-cable  ITow 

The  instrumentation  signal -cable  flow  was  similar  at  each  of  the  YFNB  stations;  the  cable 
bundle,  consisting  of  about  IS  signal  cables  with  the  attached  gages,  was  fed  over  the  side  of 
the  ship  and  attached  at  intervals  of  12  to  20  ft  to  a  steel  sopportii^  cable  as  it  was  slowly 
lowered  into  the  water.  The  steel  cable  was  guided  from  the  contrblling  winch  on  the  top  deck 
of  the  YFIiB  by  running  it  through  several  pulleys  welded  to  the  deck  and  then  out  to  a  boom 
located  near  the  port  bow  of  the  ship.  Upon  completion  of  the  cAle-lowering  operation,  the 
signal-cable  bundle  was  lashed  to  the  horizontal  member  of  the  boom  to  prevent  chafing  of  the 
cables  and  then  fed  into  an  8-ln.  pipe  protruding  through  the  bulkhead  and  slightly  lower  than 
the  top  of  the  boom. 

Inside,  the  cable  bundle  was  clamped  every  2  ft  to  a  vertical  steel  plate  which  ran  from  the  . 
pipe  opening  down  to  the  deck  of  the  YFNB.  The  bundle  was  then  nm  along  the  deck  beside  the- 
trailer  and  ciauiped  down  eveiy  few*  feet  until  it  reached  to  within  about  S  ft  of  (he  front  of  the 
trailer.  At  this- point  the  cable  bundle  was  split,  one  half  rising  vertically  to  a  port  on  the  right 
side  of  the  trailer  and  the  other  half  being  fed  under  the  trailer  and  then  up  and  through  a 
similar  cable  port  on  the  left  side  of  the  trailer.  Inside  the  trailer  each  of  the  two  groups  of 
cables  was  “snaked"  up  one  of  the  shock  cords  which  extended  from  the  floor  to  the  suspended 
recording  equipment  and  then  lashed  into  place. 

Power  c.ables  for  the  Instrumentation  equipment  were  also  "snaked"  down,  lashed  at  each  of 
the  crossover  points  on  the  lower  shock  cords,  and  then  fed  into  the  battery  radk. 

4.5.4  Instrument  Booms  and  Winches 

Three  Instrument  booms  were  installed  on  each  of  the  YFNBfs.  The  forward  port  boom  on 
each  ship  was  for  the  Project  1.2  electrical  pressure-time  measuring  gages,  the  starboard 
boom  was  for  the  Project  1.3  equipment,  and  the  after  port  boom  was  for  the  combtned  use  of 
Project  1.2  mechanical  pressure-time  gages  and  ball-crusher  gages.  On  the  YFNB’s  12  and  13 
the  after  port  boom  was  .also  used  for  the  Project  1.4  camera  unit. 

The  booms  were  designed  so  that  when  swung  outboard  they  woold  bold  the  steel  support 
cable  with  the  attached  signal  cables  and  sensing  elements  far  enough  from  the  side  of  the  barge 
to  prevent  rubbing  on  the  hull  it  the  YFNB  rolled  as  much  as  30*.  One  boom  was  tested  with  n 
static  load  of  9300  lb,  although  it  was  expected  that  it  would  hold  twice  Uds  amount  of  weight 
before  failing.  Some  of  the  booms  had  ladders  and  other  special  attachments  added  to  facilitate 
the  cable  rigging. 

The  winches  used  were  those  previously  removed  from  the  after  cranes  of  the  YFNB’s,  the 
double  drum  winches  being  used  lor  the  starboard  and  forward  port  booms.  The  single  drum 
slewing  winches  had_  their  drum  flanges  built  up  to  hold  2200  it  of  wire  rope  and  were  used 
with  the  after  port  booms. 

The  standard  d-c  electric  control  with  magnetic  braking  was  found  to  be  excellent  tor  lower¬ 
ing  tlie  instru.ment  cables.  The  manual  controls  tor  the  clutch  and  brake  normally  used  In  cargo 
handling  were  not  used. 

4.5.5  Plan  of  Operation 

A  few  days  before  the  YFNB's  were  towed  out  to  sea,  the  Lestrumectation  system  for  each 
trailer  was  suspended  on  the  shock  cords.  The  task  of  stretching  the  cords  to  reach  the  mounting 
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books  In  the  celling-  and  near  the  floor  -was  done  by  tying  nylon  rope  to  the  free  ends  of  the  shock 
cords  with  s.  girth  hitch,  passir.g  the  nyloa  through  a  pulley  fastened  within  a  few  inches  of  the 
book  and  then  through  a  block  and  tackle  arrangement  which  was,  in  turn,  anchored  to  another 
'of  the  eight  hooka.  By  stretching  each  of  the  shock  cords  In  turn  and  looping  its  "eye”  over  Its 
respective  book,  'lu  complete  job  of  shock  mounting  each  recording  station  could  be  completed 
by  two  men  in  about  3  hr.  The  units  fdaced  in  the  meat  trailers  (on  the  Y?ff D'b  12  and  29) 
weighed  about  400  Ib  each,  and  those  placed  in  the  cargo-trailer  unit  (on  the  YFNB-IS)  weighed 
nearly  52S  lb.  Power  and  control  rabies  for  the  equipment  were  installed  and  checked  while  In 
transit  to  the  testing  grounds. 

It  was  Intended  that  the  signal  cables  be  lowered  into  the  water  on  the  afternoon  of  0-f  but 
was  postponed  until  nearly  1  '.^M.  of  D-day  because  of  the  rough  weather.  It  was  decided  that 
this  was  the  latest  possible  time  the  operation  of  lowering  the  cables  could  begin  and  still  be 
completed  in  time  to  have  the  necessary  last-minute  equipment  checks.  The  operation  of 
lowering  the  cables  was  hampered  by  darkness  and  slippery  decks  but  was,  however,  completed 
in  about  4*/»  hr,  leaving  only  2  hr  for  clarnping  the  cables  to  the  deck,  securing  loose  gear,  and 
malting  the  final  adjustments  on  the  recording  equipment. 

Alter  the  lowering  of  the  signal  cables  had  been  coniplcted,  the  cable  boom  on  the  YFNB-13 
was  extended  at  a  right  angle  to  the  axis  of  the  ship  (contrary  to  the  original  plan  and  design  of 
the  boom)  in  an  attempt  to  keep  the  cables  from  chafing  on  the  hull  of  the  ship;  the  YFNB  was 
drifting  sideways  and  over  the  cables.  Snee  the  original  steel  bracing  cables  for  the  boom  were 
too  short  when  the  boom  was  extended  at  a  right  angle,  a  rope  sling  was  u3c?rl  to  secure  the  boom. 

A  preplanned  and  detailed  check-off  list  was  found  to  be  extremely  useful  for  the  last- 
minute  preparations  and  reduced  the  final  equipment  adjustments  to  a  purely  mechanical 
operation.  . 

A';  H-1  min  the  controlling  signals  from  the  EG&G  radio  on  each  of  the  VFNB’s  had  served 
Us  purpose,  and  all  control  was  transferred  to  the  timing  and  control  circuits  within  the  re¬ 
cording  equipment;  the  tape-transport  mechanism  was  energized;  calibration  signals  were  re¬ 
corded  on  the  tape;  and  the  equipment  was  made  ready  to  record  the  initial  and  any  succeeding 
shock  waves. 

4.5.8  Be;.uUs  of  Shock  on  TVaiiers  and  Beeording  Equipment 

Weldments  bonding  the  I-beams  to  the  trailer  chassis  and  to  the  decks  of  the  YFNB’s  were 
Inspected  on  D  1;  no  cracks  or  other  indications  of  failure  were  noticed.  Inside,  the  commer¬ 
cial  alr-conditlooinj  equipment  on  the  YVHB's  12  and  13  had  liecn  shifted  about  0.5  In.  from 
their  original  mounts.  Operability  after  the  test  was  not  checked,  but  there  is  reason  to  believe 
that  the  unit  in  each  of  the  trailers  was  in  retatively  good  condition. 

Tlie  workbench  located  in  the  trailer  oa  the  YFND-13  was  found  overturned  in  the  center  of 
the  floor,  whereas  the  workbench  on  the  yFNB-13  merely  tore  loose  the  small  wood  screws 
holding  It  to  the  floor.  There  was  a  broken  light  bulb  found  in  one  of  the  light  sockets  at  the 
rear  of  the  YFNB-12  trailer  (all  bulbs  near  the  recording  equipment  in  each  trailer  were  re¬ 
moved  from  their  sockets  prior  to  the  test  as  a  precautionary  measuve).  There  was  essentially 
no  dam.nge  at  all  in  the  trailer  located  on  the  YFNB-29,  the  location  Isrthcst  from  SZ. 

Displacement  measurements  taken  in  each  trailer  by  means  of  strings  having  one  end  tied 
to  the  recording  equipment  and  the  other  end  fixed  to  a  rigid  support  in  the  trailer  indicated 
that  the  maximum  relative  vertical  motions  of  the  trailers  with  respect  to  the  suspended 
equipment  were  as  follows:  yFNB-l2,  5*/,  in.;  YFNB-13,  A'U  in.;  and  YFNB-2i),  2^^  in.  There 
were  no  indications  that  'he  equipment  at  aay  of  the  stations  experienced  a  lateral  displacement 
with  respect  to  the  trailer. 

4.5.7  Conclusions 

Hie  installalloa  of  the  trailers  In  the  YTNB's  and  the  design  of  Ihe  instrumentation- 
suspension  systems  proved  to  be  quite  satisfactory;  no  unforeseen  problems  arose  which 
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necessitated  a  eXaega- !»  ptocedn/eor  plan  of  eperatioirami  thesametypr  ef  awwitmp  eewMfce 
used  very  well  oa  a  similar  type  of  test. 

The  winches  on  the  YFNB’s  performed  smoothly  and  afforded  good  control  over  the  steel 
cable  supporting  the  gage  signal  lines  at  all  times. 

It  Is  recommended  that  the  booms  be  made  lunger — by  perhaps  S  ft — to  hold  the  signal 
cables  farther  from  the  sides  of  the  ships  and  lessen  the  danger  of  their  chafing  on  the  hull. 
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CHAPTER  5 

ELECTRONIC  PRESSURE-TIME  GAGE 


5.1  WIANCKO  PRESSURE  GAGE 


5.1.1  Introduction 

Wiancko  gages,  using  type  P9-1005  transducers,  and  tourmaline  gages  were  used  by  NOL 
to  measure  underwater  pressures  vs  time  in  Operation  Wigwam.  Mechanical  pressure-tlm* 
gages  (discussed  in  Chap.  3  of  this  report)  were  also  used  by  NOL  in  Operation  Wigwam*  In 
brief,  the  operation  of  the  Wiancko  transducer  was  such  that  when  pressure  was  applied  to  one 
end  of  a  flat  Bourdon  tube  twisted  about  its  longitudinal  axis,  a  rectangular  pad  (mounted  on  the 
other  end  of  the  tube)  rotated  about  the  tube  a-xis  away  from  the  pole  faces  of  two  .’’-shaped 
cores.  Two  colls,  mounted  on  the  cores,  were  used  as  Inductances  in  a  modified  Hartley 
oscillator.  Thus,  as  the  pressure  in  the  Bourdon  tube  increased,  the  oscillator  frequency  in¬ 
creased.  The  Wiancko  transducer  and  oscillator  were  mounted  inside  a  watertight  case,  and  a. 
cable  was  used  to  deliver  power  from  the  surface  to  the  oscillator  ana  to  transmit  the  f-m 
.signal  from  the  gage  to  a  magnetic-tape  recorder  CI(  tiiC  surface. 

This  gage  was  evolved  from  the  NOL  Wiancko  gage  which  was  used  to  measure  underwater 
pressures  in  Operation  Castle.'  Some  of  the  difficulties  encountered  in  the  development  of  the 
NOL  Wiancko  gage  were  in  the  pressure  transducer  which,  when  subjected  to  underwater  shock 
waves,  produced  a  permanent  change  in  frequency  and  a  distorted  signal  (usually  oscillatory) 
in  the  demodulated  output.  Although  these  effects  were  somewhat  reduced  in  time  for  use  in 
Operation  Castle  by  the  expedient  of  shock  mounting  the  transducer  from  the  {e  case,  it  was 

.apparent  that  more  Jevelopment  work  was  necessary  to  produce  a  reliable  gs  for  Operatios 

Wigwam. 

In  January  1954,  after  the  Castle  gages  were  shipped  to  the  field,  this  work  was  resumed 
at  NOL,  and  two  prototype  g.ages  were  produced„  the  results  of  which  were  good  as  determined 
by  laboratory  pressure  tests  and  one  underwater  shock-wave  test. 

In  these  gages  the  t«'o  transducers  were  mooMied  by  securing  one  end  of  a  short  shaft  to 
the  pivot  point  of  the  rectangular  pad,  the  shaft  being  aligned  with  the  extended  axis  of  the 
twisted  Bourdon  tube,  and  terminating  the  other  end  in  a  bearing  mounted  to  the  gage  case.  In 
one  transducer,  damping  fluid  w.as  Inserted  in  the  bearing,  and  in  the  other  the  fluid  was  in¬ 
serted  between  a  disk  mounted  on  the  shaft  and  a  flat  plate  which  was  secured  to  the  gage  frame 
and  aligned  parallel  to  the  disk.  Thus  optimum  damping  was  possible  by  adjustment  of  the 
length  of  the  bearing,  the  adjustment  of  the  gap  between  the  disk  and  plate,  and  by  the  use  of 
differe.nt  viscosity  damping  fluids.  Furthermore,  the  bearing  was  to  reduce  translational  move¬ 
ment  of  the  pad — the  cause  of  spurious  signals. 

The  Wiancko  Engineering  Company  was  then  requested  to  produce  similar  prototype  gages 
incorporating  the  above  transducer  mudifications  and  other  Improvements  suggested  by  repre¬ 
sentatives  of  both  NOL  and  the  Wiancko  Engineering  Company.  The  results  of  tests  at  NOL 
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showed  that  the  response  of  the  protoupe  gages  was  fast  and  essenUaU];  Icceotspoxiow 
oscillations.  However,  large  “permanent”  frequency  changes  were  obtained,  and  after  four 
underwater  shock-wave  tests  the  damping  mechanism  was  so  badly  damaged  that  this  modifi¬ 
cation  of  the  transducer  was  considered  impractical  to  be  a  pressure  gage  for  ttse  in  Operation 
Wigwam.  The  Wiancko  Engineering  Company  then  introduced  a  tj'pe  P9-10CS  transducer  in 
which  spurious  movements  of  the  rectangular  pad  were  restricted  by  two  cross  wires* 
secured  the  pad  to  the  gage  frame.  Six  prototype  gages  using  type  P9-100S  transducers  were 
produced,  and  slight  modifications  were  made  by  the  manufacturer  since  acceleration  and 
shock-wave  tests  conducted  by  NOL  indicated  s  need  for  improvement.  Aa  additional  34  of  the 
improved  gages  in  pressure  ratings  of  T30,  1000,  ISOO,  2000,  2S00,  and  3COO  psl  were  then 
purchased  for  Operation  Wigwam.  These  gages  were  calibrated  in  a  pressure  chamber  and- 
subjected  to  underwater  shock-wave  tests  at  NOL  for  evaluation  for  Operation  Wigwam.  The 
description  of  the  Wiancko  gage  as  used  in  Wigwam  and  the  development  and  performance  of 
the  gage  are  described  in  this  chapter. 

5,1.2  Description  of  Wiancko  Type  P9-1005  Cage 

The  gage  was  contained  in  a  stainless-steel  hollow  cyllitder  (see  Fig.  5.1)  5  in.  in  diameter 
and  3’/]  in.  in  height.  A  recessed  groove  l';  in.  high  and  V)t  in.  deep  was  cut  around  the  lower 
end  of  the  cylinder  for  mounting  the  gage  to  the  gage  array.  Alt  gage  components  were,  mounted 
on  the  Inside  of  the  top  platn  (rig.  5.2),  and  the  cable  packing  gland  with  cable  terminating  pins 
and  pressure  inlet  with  damping  fitting  was  mounted  on  the  outside  of  the  top  plate.  The  top 
plate  was  screwed  in  flush  with  the  top  of  the  cylindrical  case,  and  a  watertight  seal  was  ob¬ 
tained  with  an  O-ring. 

The  oscillator  tube  (type  CK  6111)  was  shock  mounted  on  otic  end  of  a  llal  spring  which 
was  spiraled  about  the  tube.  The  other  end  of  the  spring  was  rigidly  secured  to  a  metal  block 
on  the  top  plate.  A  hole  in  the  top  plate  (2'/.  In.  la  diameter  and  In.  in  depth)  permitted 
large  movements  of  the  tube  without  bottoming.  The  wire  leads  from  the  tube  were  tied  to  the 
flat  spring  and  terminated  in  three  small  holes  drilled  (under  the  cover  plate.  Fig.  5.2)  in  the 
top  plate.  Tlic  oscillator  components,  the  output  transformers,  and  the  cable  terminal  pins  were 
also  mounted  in  these  holes,  which  were  filled  with  wax. 

Each  of  the  two  F-slmped  cores  was  rigidly  clamped  to  the  top  plate  with  four  hardened 
steel  screws,  and  the  contact  surfaces  of  the  top  plate  and  cores  were  increased  and  roughened 
to  increase  the  friction.  Two  straight  wire.s,  which  crossed  at  the  midpoints  to  form  an  X, 
were  firmly  secured  at  their  junction  to  the  center  of  the  rectangular  pad  (Fig.  5.3)  at  the  point 
wliore  tl)o  pad  was  welded  to  the  twisted  Bourdon  tu!)c.  These  wlrcs.-under  tees*''?,  were 
terminated  in  four  solid  posts  protruding  from  the  top  plate.  The  Bourdon  tube  was  inserted  in 
an  enlarged  hole  in  the  top  plate  (Fig.  5.4),  and  at  the  pressure-inlet  end  the  wall  of  the  tube 
was  welded  to  the  top  end  of  this  hole.  Thus  both  ends  of  tlie  Bourdon  tube  were  secured  to  the 
top  plate,  and  the  cantilever  movement  of  the  tube  and  pad  was  greatly  reduced,  resilting  in 
almost  purely  rotational  movement  about  the  tube  axis  as  pressure  was  applied  or  released. 

An  additional  Improvement  in  the  P9-1003  transducer  was  the  removal  of  part  of  the  F-sbaped 
cores  at  the  center  gap  (Fig.  5.3),  thus  eliminating  contact  with  the  pad  during  its  rotational 
movement.  The  mass  of  the  pad,  which  wxo  made  of  0.025-in. -thick  mu-metal,  was  reduced  by 
tapering  both  ends,  thus  improving  the  gage  response.  Furthermore,  the  pole  faces  were 
milled  flat  and  aligned  parallel  to  the  armature  pad.  The' latter  improvcme.'it  resulted  in  a  more 
uniform  magnet  ic  field  in  the  gaps  and  made  possible  the  construction  of  gages  with  more  uni¬ 
form  ciiaractciistics. 

A  damping  fitting  (Fig.  5.4)  was  attached  on  the  upper  side  of  the  top  plate  on  the  extension 
of  the  axis  of  the  Bourdon  tube.  A  small  orifice  about  0.35  in.  in  length  and  0.0315  in.  in  diam¬ 
eter,  but  enlarged  to  0.090  in.  in  diameter  for  a  length  of  about  0.15  in.,  was  used  to  connect  the 
pressure  inlet  of  the  Bourdon  tube  to  an  e.niarged  opening  (reservoir),  A  small  wire,  0.009  In. 
in  diameter  to  0.025  in.  in  diameter,  depending  U5Xin  the  pressure  range  of  the  gago,  was  inserted 
in  this  orifice  to  decrease  further  the  rate  of  flow  of  oil  to  the  Bourdon  tube.  The  reservoir  was 
divided  into  approximately  (wo  equal  volumes  by  means  of  a  tlilii  neoprene  diaphragm,  the 
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Fig.  S.l— WUncko  g*ge,  type  P9-1005,  expanded  view, 
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Pig.  6.2~“WUncko  gage,  type  P9-1005,  iiulde  view  of  top  pUte. 
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Rj.  SJ — VV'i3p.c)<o  uansducer,  type  P9-100S, 
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purpose  of  which  was  to  prevent  loss  of  oil  in  the  Bourdon  tube  and  the  damping  orifice  and  to 
prevent  foreign  particle*  from  getting  fn  fllo  fine  dampfng  fiofe.  The  upper  chamber  of  the 
reservoir  was  connected  to  the  pressure  source  by  means  of  three  holes  which  merged  into  m 
single  hole  about  0.10  in.  in  diameter  at  tho  pressure  inlet.  A  ^t-in.  copper-tube  flare  fitting 
was  constructed  on  the  pressure  inlet  for  static  calibration.  The  damping  fitting  and  the 
Bourdon  tube  were  filled  with  100-centistoko  oil  (DC200),  under  a  vacuum,  to  eliminate  air 
bubbles. 

5.1.3  Development 

large  acceferatlons  are  imparted  to  recording  gages  used  inthe  measurement  ot  large 
underwater  shock- wave  pressures.  Values  of  12,000  g  were  measured  on  a  cylindrical  gage 
case  from  a  step  shock  wave  of  about  1700  psl.’  The  forces  were  so  great  that  vacuum  tubes 
(In  the  oscillator  circuit)  were  damaged,  wires  in  (he  inductance  coils  were  broken,  and  the 
flat  Bourdon  elements  were  distorted.  These  acceleration  effects,  however,  can  be  reduced  by 
proper  shuck  mounting  of  the  components  of  the  gage  and  by  using  rugged  components.  Ths 
appro?.-  .1  to  this  problem  in  the  NOL  Wlancko  gage  used  on  Castle  was  to  “shock  mount“  the 
transducer  (type  P-2007)  from  the  gage  case  by  means  of  soft-copper  tube  which  also  trans¬ 
mitted  pressure  to  the  Bourdon  element  in  the  transducer.  Thus  the  acceleration  of  the 
transducer  was  reduced;  however,  the  transducer  was  not  designed  for  rugged  use,  and  hence 
the  output  signals  were  still  somewhat  distorted.  (See  Chap.  3  of  reference  1  for  typical 
pressure-time  signals.) 

The  approach  to  this  problem  chosen  by  the  representatives  of  the  Wiancko  Knglneerlng 
Company  was  to  use  a  rugged  transducer  (soo  description  above)  mounted  directly  to  the  gage 
case.  The  full  effects  of  the  shock  wave  were  imposed  upon  the  transducer.  The  first  two 
prototype  gages  received  from  the  m-anufaclurer  for  evaluation  from  underwater  shock-wave 
tests*  were  completely  covered  with  foam  rubber  about  V4  in.  thick,  supposedly  to  reduce  the 
effects  of  acceleration  on  the  gage.  The  results  from  one  underwater  acceleration  test,  how¬ 
ever,  showed  that  large  signals,  roughly  similar  in  shape  to  the  shock-wave  signals,  and  n large 
permanent  change  in  oscillator  frequency  were  obtained.  In  the  underwater  acceleration  tests, 
the  gage  and  gage  case  were  subjected  to  tho  shock  wave;  however,  the  normal  operation  of 
the  rectangular  pad  was  restricted  by  replacing  the  oil  with  air  in  the  flat  Bourdon  tube  and  in 
the  prcscu.'u  inlet  and  then  sealing  off  the  pressure  inlel  from  the  water.  Upon  examination  of 
these  gages  at  NOL,  it  was  found  that  tho  permanent  frequency  change  could  be  repTOduced.by 
tapping  the  F-shaped  cores  with  a  hammer.  Furthermore,  the  permanent  change  In  frequency 
was  greatly  reduced  when  the  contact  surfaces  of  the  F-shaped  cores  and  the  top  plate  were 
roughened  and  glued.  Unfortim.itely,  that  particular  glue  (or  the  method  of  application)  was 
unsatisfactory,  for  the  bond  failed  after  several  simulated  shocks  with  a  hammer.  The  manu¬ 
facturer,  also  cognizant  of  the  cause  of  the  uiideslrcd  frequency  change,  modified  the  subsequent 
transducers  by  roughening  the  contact  surfaces  of  the  F-shaped  cores  and  the  top  plate,  by 
increasing  the  area  of  the  contact  surface.^,  and  by  clamping  the  F-shaped  cores  to  the  top  plate 
with  two  additional  (total  of  four  for  each  core)  hardened  steel  screws  (see  Fig.  5.3).  Three 
3000-lb  prototype  gages,  with  the  modified  F-shaped  cores  but  without  the  foam  rubber  coating 
which  was  not  used  again  on  the  Wigwam  Wlancko  gages,  were  then  subjected  to  several  under¬ 
water  shock-wave  acceleration  tests,  with  tho  result  that  a  ma.xlmum  permanent  frequency 
change  of  about  5  per  cent  of  the  shock-wave  pressure  was  obtained  on  two  gages  and  about 
iJ'j  per  cent  on  the  other.  The  recorded  accelcratlcn  signals,  however,  were  quite  large  and 


‘Truncated-shaped  charges*  4  and  6  ft  long  were  used  In  the  underwater  acceleration  and 
performance  tests.  The  shock-wave  pressures  for  the  4-  and  6-ft  charges  were  essentially 
constant  for  about  1  and  iVj  msec,  respectively,  and  then  decayed  with  time.  The  pressure' 
amplitude,  also  measured  with  ^'i-ln.-diamelor  tourmaline  gages  at  the  same  distance,  was 
varied  by  adjusting  tho  charge-to-gage  distance  and  by  using  different  size  charges  so  that  the 
pressures  would  not  e.xceed  the  pressure  rating  ot  the  Wiancko  gages.  In  some  instances  the 
charges  were  lengthened  from  4  to  4Vj  ft. 
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•were-  »im51»r  in  •eare  form  hr  the  sf»c*f-ware  pressare-tlme  signals  but  wIUi  a  st^rimposed 
ring  ol  about  5  ko.  The  amplitude  of  the  acceleraUca  signals  from  the  three  gages  was  between 
10  and  28  per  cent  of  the  shock-wave  signals.  Similar  acrele.ation  tests  were  also  perfonaed 
on  three  prototype  gages  rated  for  750  psl  with  similar  modifications  to  the  F-shaped  cores. 

The  results  were  encouraging  since  the  maximum  permanent  change  in  oscillator  freqaency  was 
only  1  per  cent  of  tlie  shock-wave  pressure  and  the  amplitude  of  the  recorded  acceleration  signal 
was  between  3  and  7  per  cent  of  the  shock-wave  pressure.  The  recorded  acceleration  signal  was 
also  similar  in  wave  form  to  the  shock-wave  pressure  except  for  a  superimposed  rii^  of  about 
3.8  kc.  These  supa-imposed  oscillations  were  caused  by  the  movement  of  the  ends  of  the  «e- 
tangular  pad,  relative  to  the  F-shaped  cores,  as  the  shock  excited  the  flat  Bourdon  tiibe  and  the 
pad  Into  resonance.  These  oscillations  were  eliminated  by  using  1000-centlstoke  oil  ia  the  end 
gaps.  The  manufacturer  made  a  significant  development  in  the  securing  of  the  X  wires  to  the 
rectangular  pad,  thereby  reducing  spurious  movements  (and  signals)  of  the  pad.  The  oscillator 
tube  mount  was  also  effective,  for  only  two  tubes  failed  during  the  development  tests:  one 
after  two  shots  and  the  other  after  10  shots.  Therefore  the  results  with  the  improved  prototype 
gages  showed  that  the  permanent  frequency  change  was  sufficiently  reduced  for  acceptance  for 
Operation  Wigwam.  However,  the  acceleration  signals  were  still  too  large,  but  furiher  develop¬ 
ment  and  Investigation  were  impossible  because  of  the  lack  of  time  In  preparation  lor  Operation 
Wigwam,  The  34  similarly  Improved  gages  were  then  calibrated  bi  a  pressure  chamber  and. 
subjected  to  the  underwater  shock-wave  performance  tests  for  evaluation  for  Operation  Wigwam. 
These  results  are  discussed  below. 

5.1.4  Performance  Tests  of  Wiancko  Gages 

The  purpose  of  the  performance  tests  was  to  determine  how  faitbfully.and  quickly  lha 
Wiancko  gage  (type  P9-1005)  responded  to  an  underwater  shock  wave  and  to  determine  whether 
the  gage  was  sufficiently  rugged  to  withstand  the  shock  wave  and  hydrostatic  pressures  expected 
in  Operation  Wigwam.  Since  the  gages  were  rated  for  pressures  which  were  only  slightly  less  , 
than  those  that  would  probably  Impair  the  performance  of  the  gages,  the  shock  wave  .and  calibra¬ 
tion  pressures  never  exceeded  the  pressure  ratings  established  by  the  manutaclurer.  These 
tests  differed  from  the  shock-wave  acceleration  tests  described  above  in  that  normal  operation 
of  the  transducer  was  permitted  by  filling  the  flat  Bourdon  tube  and  pressure  inlet  with  100- 
centlstoko  oil  under  vacuum  and  by  removing  the  seal  at  the  pressure  Inlet.  Although  the  dnra- 
tlons  of  the  shock-wave  pressures  were  short  compared  with  the  durations  expected  from  the 
Wigwam  shot,  nevertheless  the  amplitudes  were  about  equal,  and  these  tests  showed  that  the 
Wiancko  gages  were  in  general  ruggedly  constructed.  The  gage  cases,  the  cable  pacUng  glands, 
and  the  0-rlng  seal  In  the  top  plate  were  sufficiently  rugged  to  withstand  hydrostatic  pressares 
of  at  least  3000  p.-jl.  In  a  few  gages,  however,  the  pins  used  to  connect  the  cable  leads  to  the 
gage  oscillator  wore  loosely  secured  in  the  glass  seal.  E.xamination  of  the  few  gages  that 
performed  erratically  during  the  shockrwave  tests  showed  Uiat  a  wire  lead  was  broken  at  a 
terminal,  the  screws  on  the  F-shaped  cores  were  loosened,  the  glass  seal  at  the  cable  tersina- 
tlon  was  fractured,  and  the  oscillator  tube  was  microphonic.  These  defects,  however,  were 
readily  corrected  before  use  in  Operation  Wigwam,  thus  assuring  a  higher  percentage  of  de¬ 
pendable  and  reliable  gages.  The  underwater  shock-wave  acceleration  tests,  although  desirable, 
were  not  made  on  those  34  Improved  gages  boc.auso  of  lack  of  time.  For  the  same  reason,  only 
one  shock-w.ave  response  test  was  made  on  each  gage.  However,  in  some  cases  where  the 
response  was  not  satisfactory  on  the  first  test,  a  modification,  when  possible,  was  made  to  the 
gage  and  the  tost  was  repeated.  (The  primary  modlfic.ations  were  the  addition  of  lOOO-cenlistoke 
oil  to  the  end  gaps  of  the  transducers  whe-i  necessary  to  eliminate  oscillatory  signals  super¬ 
imposed  upon  the  shock-wave  signals  and  the  replacement  of  the  oscillator  tube  or  repair  of 
broken  wires  when  discontinuous  signals  were  obtained.) 

Tlie  arrangement  of  Uie  charge  and  gages  used  in  the  underwater  shock-wave  performance 
tests  ( Fig.  5.5)  wws  as  follows:  The  charge  and  gngc.s  were  set  about  mid-depth  in  22  ft  of 
water.  T'wo  tuunnalinc  gages  (’/J  in.  in  diameter)  were  mounted  the  same  distance  from  the 
small  end  of  the  tninraled  charge  as  were  the  pressure  inlets  of  the  Wiancko  gages.  All  gages 
were  arranged  symmetrically  about  the  e.'rtendcd  axis  of  the  truncated  charges  so  that  the 
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pressure  vs  time  was  the  same'  at  all  gage  positions.  To  obtain  large  frequency  deviations  and 
to  determine  whether  the  gage  was  sufficiently  rugged  to  withstand  its  design  pressures,  the 
shock-wave  pressures  used  were  approximately  60  to  90  per  cent  of  the  pressure  rating  of 
most  of  the  gages  tested.  The  various  values  of  shock-wave  pressures  were  obtained  by  using 
different  sized  charges  and  by  changing  the  charge-to-gage  distance.  The  duration  of  the  nearly 
constant  pressure  of  the  shock  wave  was  1  or  iVz  msec,  depending  on  which  charge  length  was 
used.  This  wUS  mifflciently  long  for  the  response  of  the  Wiancko  gage  and  the  associated  record¬ 
ing  equipment  dtnce  the  rise  time  of  the  Wiancko  gage  and  the  frequency  discriminator  was 
about  Vz  msec.  Typical  pressure-time  curves  obtained  with  tourmaline  and  Wiancko  gages  are 
reproduced  in  Fig.  S.S.  The  frequency  of  each  gage  oscillator  was  measured  Immediately  before 
and  after  each  uhock-wave  test  to  determine  the  permanent  change  in  frequency. 


S.t.S  Calibration  of  Wiancko  Gages- 

Before  the  flhock-wave  pressures  could  be  evaluated  from  the  record  obtained  with  Wianeka 
gages.  It  was  ftrnt  necessary  to  know  the  pressure  frequency  relation  of  each  gage.  This  rela¬ 
tion  was  obtained  from  two  types  of  hydrostatic  calibrations  performed  on  each  gage  for  use  in 
the  shock-wave  test.  In  one  calibration  the  pressure  was  applied  to  the  flat  Bourdon  tube  in  the 
transducer  by  means  of  an  oil-filled  tubing  which  connected  the  flare  tube  fitting  on  the  pressure 
inlet  to  a  high-'pressure  pump.  In  the  other  calibration,  the  entire  gage  was.  Immersed  In  an  oil- 
filled  pressure  chamber  (9  in.  in  diameter  and  about  24  In.  in  length)  with  the  gage  cable  let  out 
of  the  chamber  through  a  packing  gland.  In  the  latter  calibration  the  pressure  was  applied 
simultaneously  to  the  gage  case  -a.nd  the  pressure  inlet  as  it  would  be  in  the  measurement  cf 
underwater  sbock-wave  pressures.  'This  calibration  was  performed  with  increasing  and  de¬ 
creasing  pressures  to  determine  the  hysteresis.  In  both  calibrations  the  same  EPUT  meter 
(the  EPUT  met^r  is  an  Events-Per-Uait-Tlffie  Meter  manufactured  by  the  Berkeley  Scientific 
Corp.,  Richmond,  Calif.;  the  Bourdon  pressure  gage  was  calibrated  several  times  with  a  dead¬ 
weight  tester  and  was  found  to  be  accurate  and  reproducible)  and  Bourdon  pressure  gage  were 
used  to  measure,  respectively,  the  frequency  of  the  gage  oscillator  and  the  pressure  on  the 
Wiancko  gage.  Approximately  10  calibration  points  iit  equal  increments  of  pressure  were  cb- 
tatned  on  each  page  la  the  range  from  hydrostatic  pressure  to  the  rated  pressure  of  the  gage. 

A  smooth  curve  connecting  these  points  'was  called  the  calibration  curve,  and  one  Is  shown  in 
Fig.  5.7. 

In  the  second  procedure,  where  the  dynamic  response  to  shock  loading  was  measured,  the 
f-ra  gage  sigr-il  was  applied  directly  to  the  input  of  the  discriminator,  the  demodulated  output 
of  which  was  fed  into  an  oscilloscope.  The  signals  on  the  cathode-ray  tube  were  photographed 
on  a  10-in.  strip  of.  3S-mm  film  moving  at  right  angles  to  the  tube  signal  deflections.  Since  the 
responses  of  Utc  oscilloscopes  and  demodulators  wore  linear,  the  tube  signal  deflections  were 
proportional  to  the  frequency  produced  by  the  gages,  and  the  trace  in  the  direction  of  the  mote- 
ment  of  the  film  was  proportional  to  the  tiihe.  In  addition,  the  following  calibration  signals  were 
photographed:  Un  accurate  time  signal  applied  simultaneously  with  the  shock-wave  signal  and  a 
discriminator  Calibration  signal  obtained  by  applying  a  frequenry  “step”  signal  to  the  discrimi¬ 
nator  input.  TbP  latter  signal  was  produced  by  a  frequency  step-signal  generator  which  was 
essentially  an  oscillator  that  was  capable  of  changing  the  frequency  of  oscillation  from  one  value 
to  another  value  within  a  cycle  (about  0.1  msec)  without  changing  the  amplitude.  The  two  values 
of  frequency  were  preset  before  the  shock-wave  test  and  were  measured  with  an  EPUT  meter. 
Hence  the  discriminator  calibration  signal  (photographed  from  the  cathode- ray  tube  as  a  square 
step  with  a  rifii*  ti.me  of  about  O.J  msec)  represented  a  known  change  in  frequency.  To  convert 
the  photographed  shock-wave  signal  into  a  pressure-time  signal,  the  amplitudes  of  the  shock¬ 
wave  signal  wore  first  measured  at  desired  time  increments,  and  each  amplitude  was  compared 
with  the  amplilutle  of  the  discriminator  calibratton  signal  to  obtain  the  corresponding  change  in 
frequency  pro'!ii»-»-d  liy  the  gage.  Since  the  frequency-pressure  relation  of  the  gege  was  non¬ 
linear,  the  hydrostatic  calibration  curve  (curve  A,  Fig.  5.7)  was  used  to  convert  each  of  the 
above  changes  io  frequency  into  corresponding  changes  in  pressure.  A  sufficient  number  of  such 
pressure  poinls  were  thus  obtained  to  construct  a  pressure-time  curve  (Fig.  5.6).  It  should  be 


noted  that  the  instru!r.entaUon  described  above  as  being  ttsed  in  these  shtxlt'WSve  perfiacwuoe 
teats  differed  considerably  from  that  used  during  the  Wigwam  shot  where,  tor  exan^e,  record* 
ing  was  done  on  magnetic  t^. 

5,1.6  Comparison  of  Wlancico  and  Piezoelectric  Cages  in  Shock-wave  Testd 

The  results  of  the  shock-wave  performance  tests  showed  that  the  pressures  recorded  with 
the  Wiancko  gages  were  smaller  than  the  pressures  recorded  with  the  two  y4-lii.-dtameter  ■ 
tourmaline  gages.  The  Wiancko  gage  pressures  were  evaluated  from  the  gagr-callbratloN  carve 
obtained  by  applying  hydrostatic  pressure  simultaneously  to  the  pressure  inlet  Md  the  gag^ 
ca.'e.  The  average  value  of  the  ratio  (R)  of  the  Wiancko  gage  pressure  to  the  tourmaline  gage 
press'  ^e*  was  0.89  with  a  standard  deviation  of  the  mean  rated  for  1000 

psl  in  ttis  23  measurements  obtained.  The  wlues  of  R  for  gages  with  various  pressure  ratings 
are  shown  in  Table  S.l.  Application  of  Table  S.t  to  particular  gages  was  made  by  using  thS' 
gage  ranges  listed  in  Tables  8.1  to  6.3. 


Tabic  5.1  —RATIO  OF  WIANCKO  GAGE  TO  TOURMAUNK 
GAGE  PRESSURES 


Curs  Rating 
(psl) 

Prssaur*  Haile 
(R) 

B 

Mndber  eT 
Kaasuraente 

1000 

0.89 

0.01 

23 

1500 

0.86 

0.02 

12 

2000 

0.90 

T 

3000 

0.79 

— * 

k 

5.1,7  Hysteresis  .and  Permanent  Frequency  fiSjange  of  Wiancko  Gages 

Measurements  of  the  gage-oscillator  frequency  before  and  after  each  shock-wavs  test 
showed  that  a  small  “permanent"  change  in  frequency  was  obtained  on  most  of  Uie  34  Improved 
gages  tested  for  Operation  Wigwam.  The  results  showed  that  the  permanent  frcqiueacy  change^ 
expressed  in  pressures,  was  equivalent  to,  or  less  than,  1  per  cent  of  the  maximsis  shock¬ 
wave  pressure  recorded  (about  600  psl)  by  the  gages  rated  for  1000  psl  la  the  33  neasureatcaile 
made.  The  errors  due  to  the  permanent  change  in  frequency  for  gages  rated  for  1500  psl  were 
1  per  cent  or  less  of  the  maximum  sliock-wave  pressure  (about  1200  ps\)  recorded  In  10  meas¬ 
urements  and  between  1  and  2  per  cent  in  two  measurements.  The  errors  were  somewhat 
larger  for  gages  rated  for  2000  and  3000  psl;  six  values  were  obtained  al  less  llus  1  per  cesl, 
four  between  1  and  2%  per  cent,  and  a  value  each  at  7  and  8|/'{  per  cent  of  the  nmxlmum  shock¬ 
wave  pre.ssure  recorded,  which  for  tliese  gages  was  about  1500  psl.  In  general.  It  was  found 
that  the  gage-osctllator  frequency  was  smaller  after  the  shot  than  before  the  shot,  at  atmos¬ 
pheric  pressure. 

The  results  from  the  hydrostatic  calibration  showed  that  the  gages  possessed  hysteresis, 
arger  values  of  gage-oscillator  frequency  were  obtained,  for  a  particular  pressore,  when  the 
pressure  was  being  decreased  than  when  it  was  being  increased.  The  value  of  hysteresis  was 
obtained  for  each  gage  size  by  expressing  the  difference  in  frequency,  for  several  particular 
values  of  hydrostatic  pressure,  in  percentage  of  the  frequency  d-iviation  obtained  at  rated 
pressure.  The  values  of  hysteresis  averaged  approximately  1,  iVj,  2,  and  3  per  cent  for  gages 


•In  order  to  account  for  the  slow  response  of  the  Wiancko  gages  and  the  discriminators,  the 
pressures  used  In  these  ratios  were  taken  on  the  constant-pressure  part  of  the  pressure-time 
curve  just  before  the  pressure  began  to  decay,  i.e.,  at  times  of  about  1  and  iVt  ***<«- 
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rated  16;  10Q(VlSQQ»2QOO^and  3000  gsi^*  resfiectivelj;  la  general,  the  maximum  deviation  of 
the  increasing-  and  the  decreasing-pressnre  calibratioa  curves  occurred  at  approximately  fj 
the  gage- rated  pressure,  and  the  two  curves  coincided  at  atmospheric  pressure.  The  Bourdon 
pressure  gage  which  was  used  to  measure  the  pressure  in  the  above  hydrostatic  calibrations 
was  itself  calibrated  with  Increasing  and  decreasing  pressures  from  a  dead-weight  tester,  and 
no  measurable  hysteresis  effect  was  observed. 

5.1.8  Frequency  Deviation,  Stability,  Temperature  Effect,  and  Reproducibility  ot  Wiancko  Gages 

The  mamifaeturer  ol  the^Wiancho  gages^  succeeded  in  obtaining  Urge  trequency  deviations. 
This  was  an  Important  (actor  since  the  accuracy  of  the  results  was  enhanced  by  an  Increase  in 
the  signal-to-nolse  ratio.  Although,  in  general,  the  frequency  Increased  from  a  gage  mean 
frequency  of  qbout  10  kc  at  atmospheric  pressure  to  about  13  kc  at  the  rated  gage  pressures,  is 
many  gages  frequency  deviations  were  larger,  being  between  30  and  40  per  cent  of  the  mean 
frequency.  The  stability  ot  the  frequency  of  the  gage  oscilUtors  was  good  if  a  short  warm-up 
time  to  reach  equilibrium  was  allowed,  htost  gage  oscillators  malntained'the  mean  frequency  .  . 
within  ±  10  cycles/sec  during  the  few  minutes  required  to  calibrate  the  gages.  However,  many 
gages  maintained  the  mean  frequency  within  i:  IS  cycles/sec  tor  over  a  month,  even  after  beUg 
shipped  across  the  country.  Several  gages  that  were  to  be  used  at  a  depth  of  1000  ft  In  Operatios 
Wigwam  were  calibrated  at  temperatures  ot  about.ft*C  and  also  at  room  temperature  (21*C).  The 
maximum  difference  between  the  two  calibrations  for  any  gage  was  only  35  cycles/sec  or  abcut 
1  per  cent  when  referred  to  tbe  full  range  of  the  gage.  No  tests  were  made  for  the  specific 
purpose  of  determining  the  reproducibility  of  the  gage  calibrations.  However,  comparison  of  the 
calibrations  obtained  before  and  after  an  underwater  e.xploslon  lest  on  gages  that  exhibited  s 
permanent  change  In  frequency  of  less  than  1  cent  showed  that  the  reproducibility  of  the 
frequency  was  better  than  ±40  cycles  at  any  particular  pressure.  Another  effect  noticed  durv^ 
the  calibration  of  these  gages  was  that  the  amplitude  of  the  oscillator  signal  increased  as  the 
frequency  increased.  On  some  gages  the  amplitude  increased  by  a  factor  of  3,  but  the  wave 
form  remained  nearly  sinusoidal. 

•  •  • 

5.1.9  Rise  Time  ot  Wiancko  Cages 

The  response  of  the  Wiancko  gages  and  the  frcqaency  discriminators  used  Is  shown  in 
Fig.  5.6,  The  rise  time  was  approximately  0.6  msec  for  the  discriminators  and  gages  rated 
for  IGOO  psl  and  1500  psi  and  longer  for  gages  with  higher  pressure  ratings.  The  rise  time  of 
the  discriminators  alone,  however,  was  about  0.3  msec,  as  determined  by  applying  a  frequency 
step  signal  to  the  discriminator.  The  rise  time  of  the  gage  alone,  therefore,  was  about  0.3  msec. 
This  was  shown  to  be  the  case  when  a  few  pressure-time  records  evaluated  from  f-m  signals 
recorded  directly  on  film  were  compared  with  the  demodulated  shock-wave  signals  obtained 
from  the  discriminators,  'rhe  rise  time  of  the  gages  was  perhaps  Increased  by  the  use  of  1000- 
centistoko  damping  oil  placed  between  end  gaps  of  the  transducer  to  eliminate  the  superimpesed 
4-  to  S-kc  oscillator  signals. 

5.2  TOURMALINE  GAGES 
5.2.1  Introduction 

The  tourmaline  gage  is  a  piezoelectric  transducer  in  which  the  hydrostatically  sensitive 
tourmaline  crystals  produce  an  electrical  charge  proportional  to  the  applied  pressure  and  to 
the  area  of  the  crystal  faces.*  This  charge,  when  distributed  over  the  connecting  cable  and 
shunting  capacitance,  results  In  a  voltage  which  is  readily  measured  and  recorded  with  a 
voltage-sens  Itlve  device  such  as  the  oscilloscope.  Tourmaline  gages  have  been  used  In  England 

•Similarly,  the  hysteresis  could  be  stated  as  the  difference  in  pressure,  lor  several  par¬ 
ticular  values  of  frequency,  expressed  in  percents^e  of  the  rated  pressure  of  the  gage.  The 
results  would  be  approximately  the  same  as  those  stated  above. 
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since  1^21  to  record  pressures  produced  bj  cburees  Used  undec  waits**  'Pwae  gages*  whiclt- 
consisted  of  many  tourmaline  crystals  arranged  in  a  mosaic  pattern,  were  quite  large*  and 
hence  were  suited  to  the  measurement  of  shock-wave  pressures  produced  only  by  large  charges. 
Development  of  considerably  smaller  tourmaline  gages  for  more  precise  measurements  of 
shock-wave  pressures  from  charges  smaller  than  service  weapons  was  begun  in  this  country 
about  1941.  More  detailed  information  concerning  the  history  and  development  of  the  tourmdine 
gage  is  presented  in  reference  8. 

Several  materials  exhibit  piezoelectric  properties,  and  some  have  sensitivities  greater 
than  tourmaline.*  However,  for  quantitative  underwater  shock-wave  measurements,  tourmaline 
gages  are  generally  used  because  of  the  hydrostatic  sensitivity,  ruggedness,  linear  response  to 
pressure,  freedom  Irom  hysteresis,  and  simplicity  in  construction  and  use.  Nevertheless,  the 
advantage  of  tourmaline  does  not  preclude  the  use  of  the  higher  sensitivity  crystals  in  gages, 
particularly  in  the  measurement  of  small-amplitude  shock-wave  pressures  in  which  the 
sensitivity  of  the  recorder  is  too  low  for  recording  with  tourmaline  gages. 

The  use  of  tourmaline  gages  (and  piezoelectric  gages  in  general)  in  shock-wave  recording 
has  limitations,  however,  which  must  be  considered  before  the  gages  are  used.  The  limitations 
of  the  tourmaline  gage  imposed  by-hlgh-frequency  distortion  and  cable-signal  and  spurious 
electrical  signal  effects*'*  were  either  negligible  or  were  not  discernible  with  the  Wigwam 
Instrumentation  and  btmee  will  not  be  discussed  here.  Low-frequency  distortion,  however.  Is  . 
of  particular  interest  in  the  recording  of  pressures  in  the  Wigwam  shot  since  the  shock-wave 
durations  were  quite  kmg.  This  distortion  is  caused  by  the  high  Internal  impedance  of  the  gage, 
pyroelectric  effect,  and  the  “first-time  gage  eftecL"  For  practical  purposes  the  piezoelectric 
gage  may  be  considered  to  be  an  ideal  voltage  generator  in  series  with  s  capacitance;  when  the 
gage  is  connected  to  a  cable,  the  voltage  developed  by  the  sudden  application  of  constant  pres¬ 
sure  will  decrease  exponentially  at  a  rate  determined  by  ike  product  (RC)  of  the  total  capaci¬ 
tance  in  the  gage-cable  circuit  and  the  shunting  resistance.  Hence  a  large  error  will  be  incurred 
In  the  momentum  ot  a  recorded  negative  exponeutial  shock  wave  (or  any  pressure  wave  In  which 
the  positive  or  negative  duration  is  long)  if  the  inlegration  is  carried  out  to  long  times  (several 
times  the  shock-wave  time  constant)  unless  the  gage-cable  time  constant  (RC)  is  considerably 
larger  than  the  shodc-wave  time  constant.  In  the  shock-wave  records  obtained  on  the  Wigwam 
shot  the  RC  time  constant  was  about  10  sec  (about  300  times  the  shock-wave  time  constant),  and 
the  error  In  momentum  due  to  this  effect  was  estimated  to  be  less  than  1  per  cent  in  the  worst 
case,  i.e.,  the  iOOO-ft-dcpIb  gage  at  the  TFNB-12  station. 

Pyroelectric  eifect  is  tbe  result  of  a  polarization  charge  developed  by  the  change  in  tem¬ 
perature  in  hydrostatically  sensitive  piezoelectric  crystals.  An  Increuse  In  the  temperature  of 
to'irniallne  crystals  of  l*C  will  produce  a  charge  equivalent  to  a  decrease  in  pressure  of  about 
20U  psl.  The  increase  in  temperature  by  adiabatic  compression  of  the  tourmaline  crystals  is 
negligible,’  but  the  increaw  in  temperature  of  tbe  surrounding  water  by  adiabatic  compression 
is  about  0.3*C  per  ICOO  psl  and  would  result  in  distortion  in  the  recorded  shock  wave  were  it 
not  for  tbe  fact  that  the  insulation  of  the  gage  coating  transmits  only  a  small  fraction  of  the 
temperature  increase  durii%  the  time  of  recordii^  of  short-duration  shock  waves. 

Since  the  positive  duration  of  tbe  shock  wave  recorded  on  the  Wigwam  shot  was  considerably 
longer  than  the  duration  iu  any  previous  measurements,  tests  were  performed  to  determine  the 
cficctivencss  of  the  insulalion  of  the  gage  coating  by  measuring  the  response  of  the  coated  gage 
(the  coating  is  described  in  Sec.  5.2.2)  when  the  temperature  of  the  water  surrounding  the  gage 
was  suddenly  increased  and  maintained  while  tbe  pressure  remained  constant.  The  result  was 
that  at  20  sec  the  response  was  only  0.1  per  cent  of  the  response  expected  from  a  pressure 
required  to  produce  an  equivalent  temperature  increase  by  adiabatic  conqiression  oi  the  water. 
The  pyroelectric  eifcct  due  to  adiabatic  compression  of  the  gage  coating  was  simulated  in  a 
similar  test  in  which  a  bare  gage  (edge  insulation  was  also  removed)  was  used  in  an  oil  medium; 
the  oH  represented  the  gage  coating  of  wax.  The  gage  response  was  considerably  faster  (ultimate 
response  was  obtained  in  30  sec)  than  in  the  above  test  and  in  1  sec  was  about  2  per  cent  of  the 
response  expected  from  a  pressure  that  would  produce  an  equivalent  temperature  Increase. 
Therefore,  considering  the  time  constant  and  the  positive  duration  of  the  shock  wave  recorded  on 
the  Wigwam  shot,  the  above  tests  indicate  that  the  distortion  caused  by  the  increase  in  tempera- 
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tare  ta  the  tottrmaline  gages  by  adiabatic  compression  o(  the  surrounding  water  and  the  gage 
coating  may  be  neglected  for  practical  purposes. 

The  first-time  gage  effect  results  in  a  low-frequency  distortion  the  first  time  a  new  tour¬ 
maline  gage  or  a  newly  coaled  gage  is  exposed  to  shock  waves.  This  effect  is  characterized  by 
a  larger  negative  displacement  of  the  recorded  pressure-time  curve  from  a  standard  pressure¬ 
time  curve  than  can  be  accounted  for  by  the  RC  time  constant  of  the  gage-cable  circuit.  Further¬ 
more,  this  effect  is  greatly  reduced  or  disappears  entirely  on  the  second  and  later  exposures  to 
shodc  waves*  of  the  same  or  smaller  amplitude.  The  reason  for  this  is  not  known,  but  it  is 
perhaps  a  pyroelectric  effect  caused  by  the  compression  of  the  gas  bubbles  in  the  gage  coating 
at  the  interface  of  the  tourmaline.  Since  the  gas  bubbles  are  dissolved,  the  effect  is  not  so 
pronounced  on  subsequent  exposures  to  shock  waves.  Nevertheless,  the  first-time  gage  effect 
Is  believed  to  have  been  eliminated  on  the  tourmaline  gages  used  in  the  Wigwam  shot  since  the 
gages  were  “pre-aged**  with  detonators  and  afterward  were  exposed  to  at  least  two  shock-wave 
tests  in  which  the  pressures  were  larger  than  those  in  the  Wigwam  shot.  These  tests  are 
described  in  Sec.  S.2.4. 

Experimental  evidence  of  the  magnitude  of  the  errors  caused  by  low-frequency  distortion 
Is  shown  in  the  comparison  of  the  Wiancko  gage  results  with  the  tourmaline  gage  results  (Secs. 
8.3.2  and  8.3.3),  where  the  small  differences  obtained  In  the  momentum  comparison  and  the 
peak-pressure  comparison  indicate  that  the  combined  effects  of  the  hysteresis  of  the  Wiancko 
gages  and  the  low-frequency  distortion  of  the  tourmaline  gages  were  small. 

.  S.2.2  Description  of  the  Wigwam  Tourmaline  Gages 

The  tourmaline  gages  used  In  Operation  Wigwam  were  constructed  from  thin  disks  of 
tourmaline  crystals,  the  laces  of  which  were  cut  perpendicular  to  the  optical  axis  (see  reference 
9  for  construction  of  tourmaline  gages).  A  silver  electrode  was  baked  on  each  crystal  face, 
and  the  diameters  of  the  disks  for  the  three  gage  sizes  used  were  %  in.,  iVi  In.,  and  2  in.  Eight 
crystals  were  used  in  the  iy|-ia.-diameter  gages,  and  only  four  were  used  In  the  %-  and  2-ln. 
gages.  In  each  gage,  Vt  of  the  crystals  used  were  arranged  in  a  stack  (with  proper  regard  to  the 
polarity  of  the  faces)  on  either  side  of  a  steel  ground  tab  to  form  a  gage  that  was  symmetrical 
electrically  and  mechanically  about  the  ground  tab.  In  this  assembly  thin  sliver  tabs  were 
sandwiched  between  the  crystals  with  the  “arms'*  of  the  tabs  extending  out  of  the  stack,  and  the 
assembly  was  sweated  together.  Araldite  (Araldite  Epoxy  Resin  AN  lOi  with  hardener  HN  951 
was  used;  the  manufacturer  of  these  products  is  Ciba  Company,  Inc.,  Plastics  Division,  627 
Greenwich  St.,  New  York  14,  N.  Y.)  was  applied  around  the  edges  of  the  crystals  to  reduce 
leakage  that  could  result  from  handling  bare  tourmaline  crystals.  Silver  paint  was  then  applied 
over  the  entire  gage  assembly  (except  at  the  exit  of  the  positive  leads)  to  provide  an  electrical 
connection  from  the  outside  electrodes  of  the  two  outer  crystals  to  tlie  ground  tab  and  to  pro¬ 
vide  an  electrostatic  shield  for  the  gage  (see  Fig,  5.8). 

The  essential  difference  between  the  V|-ln.  gages  and  the  larger  gages  was  in  the  t>-pe  of 
ground  tab  used  and  the  method  of  mounting  to  the  transmission  cable.  In  ttie  1%-  and  2-in. 
gages  a  split  ground  tab  (see  Fig.  5.11  of  reference  6)  was  used  to  facilitate  the  mounting  of  the 
relatively  massive  gages  to  a  flexible  cable.  A  coppc,r  tube  In.  in  outside  dia.mctcr  and  about 
2/j  In.  in  length  was  soldered  between  the  two  tapered  arms  of  the  split  ground  tab,  and  the  core 
of  the  cable  was  inserted  inside  the  tube.  The  high  leads  of  the  gage  were  then  soldered  to  the 
central  conductor  of  the  coaxial  cable,  and  the  braided  sl.ield  was  soldered  to  the  copper  tube 
for  a  ground  coimection.  A  fairly  rigid  gage  mount  was  thus  obtained,  and  the  stress  was  re¬ 
lieved  from  the  relatively  weak  gage  leads  and  the  cable  central  conductor  (see  Fig,  5.8).  In 
the  %-ia.-diameter  and  smaller  gages  the  steel  ground  tab  was  shaped  like  a  flattened  frying 
pan  (similar  to  the  split  tab  but  with  only  one  arm)  and  was  soldered  directly  to  the  cable 
shield.  .Another  steel  tab  similar  to  the  ground  tab  in  construction  was  sandwiched  between  one 
outside  crystal  and  the  adjoining  crystal,  and  it  was  soldered  to  the  central  conductor  of  the 
cable.  The  strain  was  thus  equally  distributed  between  the  two  rugged  steel  tabs  (see  Fig,  5.8). 

A  waterproof  coal  was  obtained  on  all  gages  by  dipping  tlie  mounted  gages  about  four  times  in 
melted  mineral  wax  (Zophar  wax  C-276  was  used  at  a  temperature  of  about  23  j"F;  the  wax  is 


BMm>{»ctur*d  'atf  Zophat  ULUft»lac.»  112-130  26th  St.,  Brooklyn  32,  N.  T.)  to  a  soiot  about 
1  in.  above  the  terminus  of  the  cable  jacket  until  the  thickness  of  the  wax  was  about  V,  in.  at  the 
edges  of  the  gages  and  about  ‘/|,  in.  at  the  center  of  the  faces  of  the  gages.  One  layer  of  Uskorona 
splicing  compound  (Uskorona  splicing  compound  Is  manufactured  by  The  United  States  Rubber 
Company)  was  applied  under  tension  over  the  wax,  after  it  cooled,  to  a  point  on  the  cable  jacket 
about  1  In.  above  the  wax  terminus.  Next  a  thin  layer  of  Bostik  cement  (Bostlk  cement  No.  5002 
is  manufactured  by  B,  B.  Chemical  Co.,  Cambridge,  Mass.)  was  applied;  this  was  followed  by 
another  layer  of  splicing  compound  and,  finally,  by  a  thin  coat  of  acrylic  sp»'.'/  (acrylic  spray  is 
manufactured  by  Krylon,  Inc.,  Philadelphia  46,  Pa.).  The  waterproof  coat  was  carefully  applied 
to  reduce  the  number  and  the  size  of  air  bubbles.  The  effectiveness  of  the  waterproof  coating 
was  determined  by  hydrostatic  tests  that  are  described  below.  Figure  S.8  shows  two  gages 
mounted  on  cable  before  and  after  waterproofing. 

5.2.3  Tourmaline  Gage  and  Gage-cable  Tests 

These  tests  were  designed  to  simulate  some  cor.ditions  of  Operation  Wlgw’am  not  normally 
encountered  In  the  routine  underwater  shock-wave  measurements  at  NOL.  The  object  of  these, 
tests  was  to  determine  what  effect,  if  any,  these  conditions  would  have  on  the  performance  of 
the  gages  and  cables  used  on  the  Wigwam  shot  and  also  to  obtain  only  reliable  gages  and  cables 
for  the  Wigwam  shot  by  eliminating  those  that  performed  poorly  or  doubtfully  in  these  tests. 
These  tests  were  performed  in  two  parts,  the  first  of  which  was  to  determine  the  impervlousness 
of  the  gage  coating  and  the  cable  jacket  to  water  under  large  hydrostatic  pressures.  The  second 
part  was  to  determine  the  effectiveness  of  the  special  transmission,  cables  used  in  reducing  the  ■ 
signals  generated  by  the  shock-wave  pressures  on  the  cables  themselves. 

In  the  first  test  the  mounted  gages  and  cables  were  placed  in  a  water-filled  pressure 
chamber  (8  ft  In  diameter  and  30  ft  In  length),  and  the  cable  ends  extended  out  of  the  pressure 
chamber  for  about  2  ft  so  that  the  leakage  resistance  could  be  measured  while  the  pressure 
was  applied.  A  special  packing  gland  which  would  accommodate  seven  cables  was  used  to  seal 
oft  the  cable  ends  from  the  applied  pressures,  thereby  reducing  the  time  rc<)utred  to  perform 
these  tests.  The  gages  were  mounted  on  cables  which  were  cut  to  the  exact  lengths  required  for 
the  gage  arrays  on  the  five  NOU  recording  stations  on  Operation  Wigwam.  Chamber  pressures 
of  600  psi  were  used  on  gages  ai)d  cables  expected  to  be  used  at  depths  from  300  to  1000  ft.  Tk> 
simulate  lowering  the  gages  in  water  and  to  determine  the  pressure  at  which  failure  occurre<!^ 
the  pressure  was  increased  from  atmospheric  pressure  by  steps  of  150  psi  every  15  min  until 
600  psi  was  obtained.  The  latter  pressure  was  maintained  for  about  3  hr.  Leakage  resistance 
was  obtained  with  a  megohmmeter  (megohmmeter  type  2423,  manufactured  by  Briiel  6  Kjoer, 
Copenhagen,  Denmark,  and  distributed  by  The  Brush  Development  Company,  3405  Perkins 
Avenue,  Cleveland  14,  Ohio)  at  each  pressure,  and  several  readings  were  obtained  at  600  psi. 

The  eight  gages  and  cables  expected  to  be  used  at  depths  greater  than  1000  ft  were  subjected  to 
a  maximum  hydrostatic  pressure  of  1000  psi.  The  pressure  was  likewise  increased  by  incre¬ 
ments  and  maintained  at  iOOO  psi  for  1*4  hr.  These  tests  for  imperviousness  were  performed 
on  a  total  of  49  gage-cable  assemblies,  lujme  of  which  were  for  the  use  of  NRL  on  Project  1.2.1 
of  Operation  Wigwam  and  a  few  of  which  were  repeats.  In  the  total  of  49  tests,  seven  failures 
occurred,  all  of  which  were  caused  by  a  short  circuit  In  the  gages  and  by  the  Imperfections  In 
the  gage  coalings.  In  general,  the  leakage  resistance  of  the  gage-cable  assembly  was  of  the 
order  of  10*  megohms. 

The  electrical  cables  used  on  Wigwam  between  the  tourmaline  gages  and  the  recording 
equipment  were  especially  constructed  to  reduce  the  “cable  signals"  generated  by  the  shock- 
wave  pressures.  (The  cable  was  manufactured  by  the  Simplex  Wire  a-nd  Cable  Co.,  Cambridge, 
Mass.)  The  cable  signals  from  this  cable  are  negligible  as  far  as  underwater  shock-wave  meas¬ 
urements  such  as  those  conducted  at  NOL  on  high  explosives  are  concerned.  In  Operation 
Wigwam,  however,  the  geometry  of  the  gage  and  cable  array  was  such  that  large  portions  of  the 
submerged  cable  lengths  were  continuously  stressed  by  the  shock-wave  pressure  during  the 
time  of  recording  the  shock-wave  pressures  by  the  tourmaline  gages.  Since  the  cable  signal  is 
proportional  to  the  amount  of  c.able  stressed  and  to  the  pressure  applied  on  the  cable, the 


CONFIDENTIAL 

cable  signals  generated  could  conceivably  be  large.  Therefore^  onderwatec  «back-wa«c 
were  performed  on  these  cables  at  NOL  to  determine  the  effectiveness  of  these  cables  la  re¬ 
ducing  the  cable  signal  and  to  determine  what  errors  would  be  Incurred  In  the  recording  of  the 
Wigwam  shot. 

In  these  tests,  approximately  200  ft  of  cable  was  arranged  In  a  compact  coU  (about  aV,  ft  la 
outside  diameter,  1  ft  in  inside  diameter,  and  S  in.  in  length)  and  set  at  mid-d«i>th  in  22  ft  of 
water  with  the  mounted  gage  protruding  out  of  the  water.  The  axis  of  the  trweested-shaped 
charges  (see  reference  2  and  Sec.  5.1.3)  coincided  with  the  coil  axis,  and  the  nearest  end  (small 
end)  of  the  charge  was  about  2  ft  from  the  coU.  In  this  manner  the  entire  200  ft  of  cable  was 
subjected  to  the  shock-wave  pressure  of  the  order  of  2000  psl  almost  sinniMaaeously  so  that  a 
measurable  signal  would  be  obtained. 

The  actuid  cable  lengths  varied  from  about  220  ft  to  about  2025  ft,  dependiiv  tq)on  the  gage 
depth  on  the  Wigwam  shot,  although  only  about  200  ft  of  each  cable  was  subjected  to  the  shock- 
wave  pressures  In  these  tests.  It  was  assumed  that  the  cable-signal  propeitle*  of  the  remainder 
of  the  cable  were  the  same  as  those  of  the  200-ft  section  tested. 

Tests  were  perfornted  on  about  60  per  cent  of  the  cables  used  on  the  three  YFNB 
these  cables  wore  attached  to  gages  located  at  depths  between  200  and  1000  ft.  The  largest 
signal  recorded  on  any  one  cable  was  1.7  x  10"*  ;^x/psl  (micromicrocoulombs  per  pound  per 
square  inch)  per  toot  of  the  cable  exposed  to  the  pressure.  Assuming  that  the  same  ampUtuds 
of  shock-wave  pressure  was  applied  simultaneously  to  the  gage  and  the  entire  submerged  length 
of  cable,  tito  cable  signal  from  this  cable  was  esUmated  to  be  about  0.2  per  cewt  of  the  recorded 
.shock-wave  signal  on  the  Wigwam  shot.  (The  achtal  cable-signal  error  should  be  smaller  since 
this  hypotlieticat  case  was  not  realized  on  the  Wigwam  shot.)  However,  the  reswMs  from  the 
test  performed  on  the  remainder  of  the  YFNB  cables  showed  that  the  cable  signals  relative  to  the 
recorded  shock -wave  signals  on  the  Wigwam  shot  were  several  times  smaller  than  the  OJtper 
cent  value.  Tlicrefore,  unless  the  cable  signal  per  foot  of  cable  obtained  from  each  200-ft  sec¬ 
tion  tested  wa.<<  much  smaller  than  that  from  the  remainder  of  the  cable,  tbs  caUe-sIgnal  errors 
caused  by  tliu  cables  used  on  the  three  YFNB  stations  may  be  neglected. 

5.2.4  Tojrdiatlne  Gage  Calibrations 

All  toui-mallne  gages  used  on  the  Wigwam  shot  were  first  calibrated  by  the  manufacturer 
(Crystal  Hcscarch,  fnc.,  42  Concord  Lane,  Cambridge,  Mass.)  and  again  by  WH..  la  these 
static  calibrations  the  unmounted  gage  (bare  gage,  without  a  waterproof  coat)  was  placed  is  as 
oil-filled  chamber  In  which  the  pressure  was  gradully  increased  with  a  hand  pump  to  a  pre¬ 
determined  value  that  was  measured  with  a  calibrated  Bourdon  gage.  The  pressure  was  iKtu 
suddenly  droi)|)cd  to  atmospheric  pressure  (within  about  30  msec  by  means  «f  a  vdck-rclease 
valve),  and  the  gage  output  signal  was  obtained  on  a  microcoulometer.“  A  conqiurison  of  this 
signal  with  the  signal  obtained  by  applying  an  accurately  measured  voltage  step  to  the  gage 
circuit  was  u.scd  to  obtain  the  gage  KA  (gage  sensitivity  e.xprc8sed  in  micromicrocoulombs  per 
pound  per  square  inch).  Each  gage  was  Ihus  calibrated  about  five  limes  at  one  value  of  pressure. 
The  reproducibility  was  about  per  cent,  and  the  KA  value  used  was  the  average  of  these 
calibrations .  The  pressure  values  used  o«  each  gage  were  500,  100,  and  2000  psi.  Not  only  did 
this  cover  the  pressure  range  of  interest  to  NOL  cc  the  Wigwam  shot  but  the  caUbratioos  at  the 
thi  Je  pressures  served  to  determine  the  linearity  ef  the  gage  KA. 

Additional  static  calibrations  were  performed  on  a  few  gages  mounted  on  low-uolse  cable 
and  coated  as  described  in  Sec.  5.2.2.  In  Ibis  calibration  the  mounted  gage  and  nVint-t  1  ft  of 
cable  were  placed  in  a  water-filled  chamber  amt  calibrated  as  described  above.  Because  of  the 
limitations  in  Ihe  design  of  this  pressure  cha.mber.  pressures  of  only  500  psi  were  used.  It  was 
expected  that  Ihe  comparison  of  the  static  calibrations  on  the  mounted  and  unmomited  gage* 
would  determine  whettier  the  gage  coating  had  any  effect  o.i  the  gage  KA.  It  was  found  that  the 
bare-gage  KA  was  larger  in  general  than  the  coated  (and  mounted)  gage  KA  but  that  the  difference 
in  the  KA’s  wa.s  small,  ranging  from  -0.25  to  ^3.7  per  cent.  These  results,  however,  are  not 
conclusive  since  the  number  of  comparisons  (five)  was  small.  Therefore  a  dynamic  calibration 
was  performed  on  all  gages  used  on  the  Wigwara  shot  to  study  this  effect  further,  particularly 
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sine*  gages  of  these  sixes  (Vf,  sad  2. is.  is  Aameter)  have  seldom  been  used  in  ^aniitaUe* 

underwater  stiock-wave  pressure  measuremeats. 

In  the  dynamic  calibratloa,  Uiree  %-in.-diaineter  and  six  Wigwam  gages  were  equally 
spaced  along  the  circumference  of  a  f -ft -diameter  ring,  and  the  gages  were  arranged  edge-on 
toward  the  small  end  of  a  truncated  charge.*  The  gages  were  arranged  equidistant  from  the 
small  end  of  the  charge  and  symmetrically  about  the  extended  charge  axis  so  that  the  shock- 
wave  pressure  at  any  Instant  was  the  same  at  the  ndd^poict  of  all  gages.  The  responses  of  all 
gages  were  recorded  simultaneously  on  the  nine  channels  of  shock-wave  recording  equipment 


Table  5.2— SUMM.UIV  OF  TOimMAUNE  GAGE  CAUDRATIONS 


that  is  used  by  the  EH  division  at  NOL**  in  the  measurement  of  the  shock -wave  pressures  in 
explosives -comparison  programs. 

The  pressure-time  records  from  these  calibration  shots  showed  that  the  pressure  was 
essentially  constant,  at  about  ISOO  psi,  from  about  0.4  to  03  msec  after  the  arrival  of  the  shock 
wave  at  ail  gages.  (See  Fig.  5.6  for  the  general  shape  of  pressare-time  curves  produced  by 
truncated  charges.)  The  shock-wave  pressures  were  calculated  from  the  resixtnse  of  the  %- 
in.-iUameter  gages  at  four  different  times  in  the  0.4-  to  0.9-msec  interval  and  from  the  static 
(bare -gage)  KA  values  of  the  respective  /'|-in.  gages.  The  dynamic  KA  values  for  eacti  Wlgwiin 
gage  were  then  calculated  from  the  response  of  the  Wigwam  gages  at  each  of  the  four  times  and 
from  the  average  pressure  obtained  from  the  three  %-in.-diameter  gages  at  the  corresponding 
time.  For  eacti  gage  the  KA  value  used  in  determining  the  pressures  recorded  on  the  Wigwam 
shot  was  tlie  average  of  eight  dynamic  KA  values  obtained  frooi  two  calibration  shots.  The 
dynamic  and  static  KA  values  are  summarized  in  Table  5.2.  .Ml  gages  were  "aged'’  prior  to  the 
calibration  shots  by  firing  detonators  at  close  range.* 
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The  precision  in  the  cfyaaroic  KA  calibration  was  not  so  good  as  the  precision  in  the  meas¬ 
urement  of  the  static  (hare-gage)  KA  values.  In  the  dynamic  callbraUons  o(  the  25  tourmaline 
gages  used  on  the  three  TniB  recording  staUons,  the  reproducibility  of  the  eight  measurements 
on  each  gage  was  better  than  :t  3  per  cent  of  the  average  KA  value,  whereas  the  reproducibility 
of  the  static  KA  measurements  was  about  ±0.5  per  cent  of  the  mean  value.  A  fair  agreement 
was  obtained  between  the  dynamic  and  staUc  KA’s  (see  Table  5.2);  the  dynamic  values  ranged 
between  +7  and  -5.5  per  cent  c4  the  respective  static  values.  It  was  difficult  to  determine 
whether  the  coating  on  the  \Wgwara  gages  (compared  with  the  effect  of  the  coating  of  the  Vi-ln. 
gages)  had  any  effect  on  the  gage  sensitivity.  The  indications,  however,  are  that  the  dynamic 
KA  values,  on  the  average,  are  slightly  larger  than  the  static  KA  vdues  of  the  Wigwam  gages. 
Although  the  precision  was  not  so  good  in  the  dynamic  measurements  as  In  the  static  measure¬ 
ments,  the  dynamic  KA  values  nevertheless  were  used  In  the  analysis  of  the  Wigwam  results 
because  a  direct  comparison  wan  obtained  with  small  gages,  which  are  used  exclusively  In 
explosion-comparison  work  at  NOL  and  other  laboratories. 
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CHAPTER  « 


ELEaRONIC  INSTRUMENTATION 


8.1  INTRODUCTION 

Five  magnetic-tape  reconllng  Installations  were  set  up  by  Project  1.2  for  electrical 
pressure-time  measurements  using  piezoelectric  and  electromechanical  gages:  One  was  located 
In  each  of  the  trailers  mounted  On  the  YFNB’s,  and  two  were  mounted  In  buoys  susitended  from 
the  LCM  0-1  and  LCM  0-2  (sltCS  IB  and  2B).  Electrically,  all  the  systems  were  similar;  me¬ 
chanically,  however,  the  equlpiliont  at  the  YFNB-13  differed  In  that  the  Ampex  tape -transport 
systems  were  used  there  instead  of  the  Davies  tape  recorders  which  were  used  at  the  other 
locations. 

For  protection  against  a  complete  loss  of  data  at  any  one  station,  the  recording  at  each 
location  was  dirked  into  two  systems  as  .far  as  practical.  Each  system  consisted  of  a  tape- 
transport  mechanism  \s1th  all  thu  associated  electronic  equipment.  The  two  complete  systems 
for  each  location  were  rigidly  bolted  together  .and  suspended  as  a  unit. 


6.2  DIFFERENCES  BETWEEN  CASTLE  AND  WIGWAM 

Designs  for  the  Wigwam  oleclronlc  pressure-time  Instrumentation  circuits  were  based  on 
the  premise  that  »he  basic  Castle  system  would  be  used  where  possible  and  would  be  changed 
only  when  either  the  requirenionts  for  Wigwam  or  the  experience  gained  with  the  Castle  system 
dictated  the  advisability  of  a  change.  (The  Ca.stle  system  is  described  in  reference  1.) 

It  was  found  that  the  changes  necessitated  by  the  different  conditions  and  requirements  of 
Wigwam  were: 

1.  Higher  gain  amplifiers  to  ircrease  the  signal  levels  fro-m  the  piezoelectric  gages  used. 

2.  Parallel  operation  of  luiiplillers  having  different  gains  to  make  possible  the  measure¬ 
ment  of  the  initial  shock  wave  as  well  a.s  the  bubble  pressures  while  using  the  same  gage. 

3.  Addition  of  a  radio-tratismiU-ed  iiducial  signal  at  zero  time  since  there  would  be  no 
bomb  flash. 

4.  The  addition  of  a  recorded  timing  track  to  Improve  timing  accuracy. 

5.  The  addition  of  a  negative  power  supply. 

6.  Wig-Auna  -equired  about  twice  the  number  of  data  channels  used  in  Castle. 

7.  Reduciico  of  the  size  and  weight  of  the  system  fo.-  its  use  at  the  two  buoy  stations. 

In  addition  to  the  above  changes,  unsatisfactory  Castle  experiences  necessitated  the  follow¬ 
ing  modifications: 

1.  Addition  ol  multiple  calibration  steps  to  ensure  that  at  least  one  calibration  step  would 
be  near  the  data  point  being  read. 

2.  The  addition  of  equal  negative  calibration  steps  to  shorten  the  recovery  time  of  the 
calibration  circuits. 

/■  -*/  -  104 

f  .  "  ‘  ■ 

iS£.CRET  r  RE.&RICTEd’  D 


CONFIDENTIAL 

3.  Direct  couplin"  of  all  amplifiers  to  shorten  their  recovery  time  and  make  it  possible  to 
apply  time-constant  cortecUons  U  necesMry. 

4.  Complete  parallel  operation  of  power  supplies  for  improved  reliability. 

5.  Longer  warm-up  time  for  the  Logaten  heaters. 

8.  Changes  in  the  sequence  timer  to  prevent  the  rundown  of  batteries  and  the  overheatiiv 
of  equipment. 

7.  Redesign  of  the  primary  activation  circuits  to  protect  against  a  possible  premature 
failure  of  individual  timing  signals. 

8.  More  extensive  use  of  unitized  construction,  check  points,  and  system  test  sets  to 
reduce  servicing  and  check-out  times. 

In  general,  a  complete  mechanical,  as  well  as  a  major  electrical,  redesign  was  undertakes 
to  Improve  the  over-all  operation  and  reliability  ot  the  equipment.  However,  the  basic  record¬ 
ing  techniques  as  used  in  Castle  remained  the  same. 

Figure  6.1  shows  a  simplified  block  diagram  of  the  Wigwam  recording  equipment.  There 
are  only  six  of  the  10  recording  channels  per  system  shown  here  since  the  remaining  four  are 
but  duplicates  cf  one  or  more  of  these.  Each  of  the  units  within  the  recording  system  is  de¬ 
scribed  in  the  following  sections. 

•6.3  TAPE  TRANSPORTS 

6.3.1  Davies  Recorders 

The  four  Davies  recorders  originally  used  on  Castle  were  left  unchanged  mechanically 
except  for  minor  rewiring  and  the  replacement  of  some  electrical  connectors.  The  single  - 
power  supply  normally  in  the  recorder  was  removed  to  make  room  for  a  redesigned  dual 
supply  which  furnished  all  the  power  requirements  for  both  the  recorder  and  the  associated 
electronics.  The  power  supply  will  be  covered  in  more  detail  in  Sec.  6.11. 

In  addition  to  the  four  Davies  recorders  already  on  hand,  four  more  Davies  recorders 
(part  of  the  Horizons,  Inc.,  data-recordlng  system  developed  under  a  contract  with  the  Offics 
of  Naval  Research)  were  modified  to  be  identical  to  those  used  on  Castle.  This  roodificatloa 
consisted  in  changing  the  original  V:-in.  tupc-trnnsport  mechanisms  and  the  four-channel  beads 
to  accommodate  a  I’/^-in.  tape  and  10-channel  heads. 

8.3.2  Ampex  Recorders 

The  three  Ampex  top  plates  were  changed  only  to  the  extent  of  replacing  the  capstan  idler 
solenoid  with  a  model  providing  a  greater  pulling  force.  Since  the  Wigwam  design  incorporated 
a  more  elaborate  timing  and  flutter  compensation  system  than  was  used  on  Castle,  the  preci¬ 
sion  capstan  drive  source  was  eliminated.  Instead,  the  capstan  drive  motors  were  supplied  with 
110-volt  60-cycle  power  from  two  28-volt  d-c  rotary  converters  nioaated  below  the  recorders. 
Since  all  three  Ampex  top  plates  were  required  at  one  location  to  obtain  enough  recording 
capacity  (each  Ampex  recorder  had  a  seven-channel  recording  head),  they  were  integrated  into 
one  mechanical  unit. 

6.4  CONTROL  SYSTEM 

Previous  experience  with  the  Castle  control  system  Indicated  a  need  lor  improved  relia¬ 
bility  to  ensuje  operation  at  the  correct  time  as  well  as  to  prevent  prensature  operation. 
Additional  characteristics  to  permit  resetting  and  return  of  the  equipment  to  its  initial  slate  in 
various  call-off  situations  were  also  desirable.  This  was  accomplished  in  two  separate  units, 
the  two-out-of-throe  box  and  the  sequence  timer. 
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6.4.1  T%'o-out-ol-three  Box 


The  Wigwam  equipment  was  designed  to  be  acUrated  bf  three  radio  time  signals  given  at 
-45,  -IS,  and  -1  min.  To  ensure  Ojatthe  equipment  would  run  at  the  proper  time,  a  coding 
system  was  devised  which  would  activate  it  if  any  two  of  the  possible  three  predetermined  sig¬ 
nals  were  received.  These  three  signals  consisted  in  the  closure  of  three  relays  at  the  tiiaef 
just  mentioned  and  were  under  the  control  of  EG6G.  ^ecifically,  the  first  of  the  signals  served 
only  to  turn  on  a  heater  In  the  Logaten  amplifiers  to  provide  as  much  time  as  possible  for  them 
to  become  stable  since  they  were  sensitive  to  thermal  changes.  The  second  signal  (-IS  min) 
turned  on  the  power  sxipplles  and  filaments  in  the  recording  equipment  (15  min  was  contidered 
enough  time  for  the  amplifiers  to  become  stable).  The  last  signal  (-1  min)  served  simply  as  a 
“transfer**  signal  and  took  all  control  away  from  the  radio  receiver.  If  any  one  of  these  three 
radio  signals  Itad  been  missing,  the  two-out-of -three  box  would  have  supplied  the  missing  signal 
at  the  proper  time;  the  functions  normally  occurring  at  -45  mis  would  have  been  combined  with 
those  at  -13  min  if  tfie  -45-mln  signal  had  not  been  received.  Bowever,  if  the  test  had  been 
canceled  even  a  few  seconds  before  the  scheduled  arrival  of  the  -t-mln  signal,  the  timing 
equipment  would  have  been  recycled  and  readied  for  another  ran.  Furthermore,  If  a  tingle 
early  spurious  signal  had  been  received,  such  as  is  believed  to  have  occurred  on  Operatioa 
Castle,  It  would  not  have  activated  the  recording  equipment  but  would  have  been  rejected  by  the 
two-out -of-three  box. 

The  schematic  diagram  of  the  two-out-of -three  box  is  shown  in  Fig.  6.2,  and  the  mechanical 
configuration  of  the  waterproof  model  used  at  the  buoy  locations  is  shown  in  Fig.  6.3.  Figure  6.4 
shows  the  box  as  used  at  the  trailer  InstaUatloos. 

Prior  to  leaving  the  instrumentation  stations  on  D-day,  the  “arm**  switch  of  the  two-out-of- 
throe  box  was  closed  to  enable  the  signals  from  the  radio  to  actuate  it.  The  “ready"  light 
served  only  to  Indicate  that  the  motor  withia  the  two-out-of -three  box  had  homed,  i.e.,  re¬ 
turned  to  its  initial  setting,  and  was  then  ready  to  begin  a  new  aequence  of  eventa. 

A  clocic-controtted  timer  was  used  at  the  two  buoy  locations  to  control  tlie  “on"  time  cl  the 
radio  receivers.  However,  in  contrast  to  their  location  in  the  buoya  as  on  Operation  CasUe, 
they  were  located  within  the  canister  conUiniug  the  radio  and  were  under  the  control  of  ECMS. 

6.4.2  Sequence  Timer 

The  sequence  timer,  in  conjunction  with  Ihe  two-out-of-three  box,  controlled  both  the 
order  and  d'<r.ation  of  events  within  the  recording  equipment.  The  reception  of  the  -15-mia 
radio  signal  (through  the  two-out -of -three  box)  served  to  apply  power  to  ihe  20-mln  timer 
motor  within  the  sequence  timer  as  well  as  to  the  filament  circuits  within  the  recording  equip¬ 
ment.  Also  at  this  time,  partial  power  was  applied  to  the  power-siq>ply  dynamotors;  then,  after 
a  20-sec  delay  provided  by  a  thermal  relay,  full  power  was  applied.  Tills  was  done  to  prevent 
arcing  in  the  power-supply  regulator  tubes  since  they  would  have  been  operating  under  no-load 
conditions. 

Once  the  -1-min  radio  sIgn:U  bad  been  received  (or  its  substitute  from  the  two-out-of- 
three  box),  all  control  was  taken  away  from  the  radio  and  the  two-out-of -three  box.  Then  the 
timing  functions  were  controlled  completely  by  the  sequence  timer,  a  motor -driven  switch 
which  dcicrmlncd  the  proper  sequence  of  events  during  the  recording  cycle  of  the  equipment. 

At' this  time  (-t  min)  both  the  tape-transport  mechanism  and  a  *4-rpni  timing  motor  withia 
the  sequence  timer  were  energized.  After  an  interval  of  10  sec.  switches  activated  by  cams 
coupled  to  the  motor  caused  the  calibration-voltage  generator  to  inject  a  series  of 

calibration-voltage  steps  into  the  recording  system.  After  20  sec  the  Q-step  circuit  within  the 
calibration  generator  was  energized,  and  at  30  sec  a  10-sec  gate  was  opened  fur  the  tuning- 
fork  oscillator.  After  2*/;  min  this  complete  cycle  was  repeated,  thus  providing  a  complete 
scries  of  calibrating  and  timing  signals  immediately  after  as  well  as  before  the  arrival  of  the 
data.  After  a  total  running  time  of  3  min,  canu  on  the  Vj-rpm  motor  caused  a  relay  to  close, 
which,  in  turn,  blew  a  master  fuse  and  prevented  the  equipment  from  7'mning  a  second  time  and 
destroying  the  tape.  However,  the  luotor  continued  to  run  until .  ^med,  at  which  time 

power  was  automatically  removed  from  the  motor. 
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If  neither  a  -I'lnin  signal  from  the  radio  nor  its  substitute  from  the  two.-out-of -three  box 
had  been  received,  the  equipment  would  have  continued  to  run  (with  the  exception  of  the  tape 
transport  and  the  sequence  timer’s  motor)  until  the  batteries  were  depleted.  The  func¬ 

tion  of  the  20-n:ii>  timer  motor  in  the  sequence  timer  was  to  prevent  just  such  an  occurrence 
by  bre^kiiig  momentarily  the  arming  circuit  after  20  min. 

A  summary  of  the  sequence  of  events  is  shown  below.  The  sequence-timer  schematic 
diagram  is  shown  in  Fig.  6.5,  and  its  physical  construction  is  shown  in  Fig.  6.6. 


SUMMARY  OF  TIMING  AND  CAUBRATION  SIGNALS 


-45  min 


—  15  min 


-1  min 


-SO  sec 


-40  sec 


-38  sec 


-30  sec 


Zero  time 


+ 1  min  30  sec 


*■  1  min  40  sec 


+•1  min  42  sec 


+  1  min  50  sec 


►  2  min 


+  4  min 


Turns  on  28  volts  to  Logaten  heaters.  In  the  event  that  the  -fS-min  signal 
is  not  received,  the  same  function  is  accomplished  by  the  -IS-min  signal.. 

Turns  on  28  volts  to  all  heaters  and  power  supplies  (20-8ec  delay  for  full 
power  to  dynamotors) .  Starts  20-min  timer  motor  in  sequence  timer. 

Turns  on  28  volts  to  recorder  transport  and  starts  '/j-rpm  timer  motor  in 
sequence  timer, 

Sequence  timer  causes  calibration-voltage  generator  to  inject  a  series  of  19 
refi'rence  voltages  into  each  piezoelectric  channel. 

Sequence  timer  causes  calibration-voltage  generator  to  inject  a  2-sec  posi¬ 
tive  Q-step  into  each  piezoelectric  channel. 

Sequence  timer  causes  calibration-voltage  generator  to  inject  a  2-sec  nega¬ 
tive  Q-step  into  each  piezoelectric  channel. 

Sequence  timer  opens  gate,  allowing  2-kc  signal  from  tuning-fork  oscillator 
to  be  recorded  for  10  sec. 

Equipment  ready  to  record  signals  produced  by  shock -wave  and  bubble 
pulses. 

Sequence  tinier  causes  calibration-voltage  generator  to  repeat  series  of  10 
reference  voltages  into  each  piezoelectric  channel. 

Sequence  timer  causes  calibration-voltage  generator  to  repeat  2-scc  posttive 
Q-step. 

Sequence  timer  causes  calibration-voltage  generator  to  repeat  2-aec  negative 
Q-step. 

Sequence  timer  opens  gate,  allowing  2-kc  signal  from  tuning-fork  oscillator 
to  be  recorded  for.  10  sec . 

All  power  is  turned  off  (fuse  blown),  with  the  exception  of  the  '/(-rpm 
sequence-timer  motor. 

Sequence -timer  motor  homes  and  stops. 


6.5  CALIBRATION-VOLTAGE  GENERATOR 
6.5.1  Calibration-generator  Operation 

In  contrast  to  the  use  of  just  two  calibration  voltages  (a  high  ^nd  low  calibration  voltage) 
as  in  Castle,  the  Wigwam  calibration  system  made  use  of  a  stcp..'ng  relay  which  injected  a 
series  of  10  logarithmically  spaced  voltages  into  each  plezooloctr;*'  .ge  channel.  The  voltage 
steps  were  applied  lO  sec  after  the  arrival  of  the  -1-min  signal  and  witliin  a  period  of  about 
%  sec.  The  use  of  10  voltage  steps  ensured  the  placement  of  a  calibration  voltage  near  a  data 
point. 
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Twenty  seconds  after  the  arrival  of  the  -i-min  signal  (-40  sec),  a  2-sec  positive  voltage 
step  and  then  (at  -30  sec)  a  2-5ec  negative  voltage  step  were  placed  oa  each  of  the  two  calibra¬ 
tion  lines,  termed  lines  t  and  2.  Line  t  received  4-vOlt  positive  and  negative  stqis,  and  line  2 
received  0.8-volt  positive  and  negative  steps.  The  positive  step  (Q-step)  served  as  a  check  on 
the  time  constant  of  the  input  circuits  of  each  of  the  cryotal  pickup  amplifiers,  and  the  negative 
step  uas  used  to  hasten  amplifier  recovery  after  receiving'  the  positive  step.  Line  1  was  used 
to  calibrate  all  type  K  amplifiers,  and  line  21^  all  G  r.mpUfierti.  The  amplifiers  are  discussed 
mote  fully  in  Sec.  6.7.  The  theory  behind  the  calibration  system  using  the  Q-step  method  is 
fully  developed  in  Secs.  4.6.1  to  4.6.3  of  the  Castle  report.* 


6.S.2  Calibration-generator  Voltages 

The  standard  voltages  for  the  10  steps  were  generated  from  two  sets  of  voltage  dividers 
using  a  type  5651  reference  tube.  All  even-numbered  steps  were  fed  from  one  divider,  and  the 
odd-numbered  steps  were  fed  from  the  other.  The  two  dividers,  each  with  its  associated  refer- 
en'-e  tube,  were,  in  turn,  fed  from  separate  power  supplies  (or  protection  against  a  complete 
loss  of  calibration  steps  if  one  of  the  power  sources  should  fail.  U  one  of  the  power  supplies 
failed,  half  the  calibration  steps  still  covering  the  range  would  have  been  avaihtlde.  The 
schematic  diagram  of  the  calibration-voltage  generator  Is  shown  in  Fig.  6.7. 

The  voltage  appearing  at  CuC«»  sT  tssC  10  neaa: 
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The  2-scc  positive  voltages  used  for  the  Q-step  were  obtained  from  the  same  dividers  that 
supplied  the  precision  step  voltages,  and  the  negative  2-8ec  Q-step  was  ehtained  from  a 
divider  connected  across  the  28-volt  supply  line.  No  attempt  was  made  to  regulate  the  negative 
Q-step  since  Us  only  purpose  was  to  shorten  amplifier  recovery  time. 

The  resistors  used  In  the  precision  voltage  dividers  were  all  chosen  to  be  within  S:'l  per 
cent  of  the  design  values.  The  first  and  second  step  voltages  were  adjusted  during  a  standard 
“check  run"  of  the  equipment  while  using  an  uiftnUe-iro,''edance  type  of  voltmeter  designed 
especially  for  the  purpose,  ifhe  remaining  voltage  steps  were  then  measured  (as  a  check)  to  an 
accuracy  of  i;  t  per  cent. 

To  ensure  that  the  type  5651  voltage  reference  tubes  would  fire  in  the  daiksess  (tests 
showed  that  the  striking  characteristics  of  the  5651  were  erratic  when  placed  in  toe  dark  for 
long  periods),  a  small  8-volt  pilot  light  was  installed  near  the  tubes  and  lighted  hy  toe  — 1-min 
voltage.  A  picture  of  the  calibration-voltage  generator  is  shown  in  Fig.  6 


6.6  TIMING  SYSTEM 
S.6.1  Tuning-fork  Oscillator 

For  purposes  of  clarity,  there  were  two  separate  oscillators  used  in  the  Wigwam  instm- 
mentation  for  the  measurement  of  time  Intervals.  One,  a  tuning-fork  oscillator,  was  used  as  a 
frequency  standard  and  as  a  check  on  the  base  frequency  of  the  other  oscillator,  as  L-C 
oscillator  which  had  Us  output  amplitude  nicdulatcd.  Both  oscillators  were  coastnicled  oa  the 
same  chassis  and  were  referred  to  as  the  Timing  osclUators.  The  amplitude  modulatioa  of  the 
L-C  oscillator  output  was,  nowever,  perfor.med  by  a  separate  unit,  the  scaler.  The  L-C 
oscillator  and  the  scaler  will  be  covcrc-d  la  mere  detail  in  Secs.  S.3.2  and  6.6J. 
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Hlg.  6.7““Sch*m*tic  diagram  of  the  calibration>yoltage  generator. 
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Shortly  before  the  data -reception  period  and  then  again  immediately  afterward  (see  the 
summary  of  timing  and  calibration  signals  in  Sec.  6.4.2),  a  10-sec  signal  from  the  tuning-fork 
oscillator  was  recorded  on  channel  1  of  each  recording  system.  The  signal  from  the  tuning- 
fork  oscillator  could  not  be  relied  upon  during  the  data-recording  period  since  both  its  fre¬ 
quency  and  amplitude  were  sensitive  to  accelerations.  During  this  time  the  L-C  oscillator  was 
used  because  it  was  considered  more  dependable,  although  it  was  slightly  less  accurate. 

The  tuning-fork  oscillator  was  a  commercially  available  item  manufactured  by  American 
Time  Products  and  similar  to  those  used  on  Castle.  The  Wigwam  requirements,  however, 
necessitated  the  use  of  a  2000-cycle  signal  to  meet  the  timing  accuracies  specified  In  the 
origtnai  plimning  of  the  hTstrumentatlon.  Since  there  were  a  few  500-cycle  tuning-fork  oscil¬ 
lators  available  which  had  been  used  on  Castle  and  since  the  Wigwam  requirements  called  for 
a  2000-cycle  signal,  a  quadrupler  circuit  was  built  into  all  the  timing  units.  The  additional 
tuning-fork  oscillators  purchased  for  the  project  had  a  frequency  of  2  kc,  and  thus  the  quad¬ 
rupling  circuit  was  not  needed  with  these.  The  elimination  of  the  quadrupling  circuit  was 
accomplished  by  simply  inserting  a  jumper  into  the  circuit  and  bypassing  it  when  the  higher 
frequency  tuning-fork  oscillators  were  used. 

6.5.2  L-C  Oscillator 

The  heart  of  the  tlmlt  g  system  used  on  Wigwam  was  a  specially  designed  2000-cycle  L-C 
oscillator  using  resistance  stabilization.  Laboratory  tests  showed  that  the  frequency  drift  of 
the  Hartley-circuit  oscillator  did  not  exceed  more  than  a  few  tenths  of  a  cycle  from  a  cold 
turn-on  until  it  had  reached  its  final  operating  temperature.  In  addition,  the  amount  of  drift 
was  always  the  same,  thus  facilitating  any  frequency  compensations  which  may  have  been 
necessary  later. 

The  output  of  the  i<-C  2000-cycie  oscillator  was  fed  directly  Into  the  scaler,  which,  In 
turn,  amplitude  modulated  the  signal  before  it  was  recorded.  Unlike  the  tuning-fork  oscillator, 
the  L-C  oscillator  was  recorded  continually. 

Figure  6.9  shows  the  schematic  diagram  of  the  quadrupler  circuit  used  with  the  tuning- 
fork  oscillator  as  well  as  the  L-C  oscillator  circuit.  A  picture  of  the  assembled  unit  is  shown, 
in  Fig.  S.IO. 

6.6.3  Scaler 

The  output  of  the  2000-cycle  L-C  oscillator  was  coded  by  a  series  of  a-m  fluctuations  and 
served  to'ensure  timing  continuity  through  a  period  of  high  acceleration  of  the  recording  equip¬ 
ment.  This  change  in  carrier  amplitude  was  expected  to  facilitate  the  counting  of  the  individual 
cycles  vdjen  Uie  records  were  later  analyzed.  The  coding  was  also  a  precautionary  measure  to 
serve  as  a  check  for  the  total  time  in  which  the  tape  may  have  lost  contact  with  the  recording 
heads  during  periods  of  high  acceleration  (up  to  10  g).  The  coding  of  the  L-C  oscillator,  per¬ 
formed  Iqr  the  scaler,  was  repeated  every  0.3  sec;  it  was  unlikely  that  the  lime  of  a  "drop-oul" 
would  exceed  this  time  of  one  complete  coding  cycle. 

Basically,  the  coding  was  performed  by  modulating  the  2000-cycle  signal  fi’om  the  L-C 
oscillator  by  a  signal  derived  from  a  series  of  Berkeley  counters.  The  counters,  too,  were  fed 
by  the  initial  2000-cycle  frequency  to  keep  the  two  signals — the  L-C  oscillator  signal  and  the 
modulating  signal  from  the  counters — in  synchronization.  The  desired  output  of  the  scaler  is 
shown  in  Fig.  6.11. 

Analysis  of  the  final  records  showed,  however,  that  the  code  counters  did  not  always  count 
properly;  it  is  thought  that  the  amplitude  and  wave  shape  of  the  L-C  oscillator  that  fed  the 
counters  were  not  matched  properly  to  the  counter  Input  requirements.  A  picture  of  the  scaler 
is  shown  in  Fig.  6.12. 

6.6.4  Fiducial  Marker  System 

Supplcmcitting  the  L-C  oscillator -scaler  units  was  a  radio  marker  system  which  served 
as  a  backup  provision  for  the  other  timing  u.nits  in  the  system.  Since,  in  Wigwam,  there  was  no 
visible  bomb  flash  at  zero  time  from  which  a  signal  coijld  be  derived,  a  radio  link  was  used  to 
provide  the  necessary  zero-time  Information. 
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At  zero  time,  and  erery  sec  thereafter  for  9  sec,  a  radio-signal  was  received  and 
superimposed  on  the  same  channel  as  the  tuning-fork  oscillator  (refer  to  the  block  diagram  of 
the  recordiiig  system.  Fig.  8.1).  However,  the  short -duration  high-voltage  marker  signals  as 
received  by  the  radio  link  were  unacceptable,  as  such,  and  had  to  be  "matched”  to  the  recording 
instrumentatioa  system.  This  was  accomplishea  'v  the  fiducial  marker  generator. 

The  operatioa  of  the  Hducial  generator  was  centered  around  two  thyratrons  that  were  fired 
by  the  radio  poise  at  zero  time.  After  the  reception  of  the  zero-time  pulse,  one  thyratron  re¬ 
mained  in  a  conducting  state  and  the  other  was  quickly  extinguished.  Consequently,  each  suc¬ 
ceeding  pulse  (erety  Vj  sec)  had  no  effect  on  the  thyratron  that  was  already  conducting  but  did 
aerve  to  fire  tho  other  momentarily.  At  zero  time  the  fiducial  generator  produced  an  output  ot 
a  positive-going  1-volt  pulse  with  a  duration  of  about  0.1  sec,  and  each  succeeding  Vj-sec 
timing  pulse  produced  a  negative  and  much  shorter  duration  pulse  (about  1  msec).  The  rise 
times  of  both  the  positive  fiducial  marker  pulse  and  the  negative  Vj'sec  marker  pulses  were, 
for  practical  purposes,  instantaneous;  the  over-ali  timing  accuracy  of  the  fiducial  and  the  fol¬ 
lowing  Vz-sec  timing  marks  were  dependent  upon  delays  within  the  radio  transmitting  and  . 
receiving  equipment. 

The  schematic  diagram  for  the  fiducial  marker  generator  is  shown  in  Fig.  6.13,  and  a 
picture  of  the  conqdeted  unit  is  shown  in  Fig.  8.14. 


6.7  CHANNEL  AMPUFIEHS 


As  the  shock  wave  passed  (he  piezoelectric  gages,  a  voltage  was  generated,  amplified,  and 
converted  to  an  f-m  signal,  which  was  then  recorded.  The  conditions  of  the  test  necessitated 
the  use  of  amplifiers  having  widely  differing  gains  to  ensure  the  adequate  bracketing  of  the 
pressure  levels  predicted  for  the  various  gage  depths  and  locations.  This  amplifier  gain 
bracketing  served  also  as  a  safeguard  against  major  prediction  errors.  In  addition,  since  the 
amplitude  of  the  bobble  XMlse  following  the  initial  shock  wave  was  expected  to  be  as  small  as 
that  of  the  initial  shuck  pressure,  a  high-gain  amplifier  was  often  placed  in  parallel  with 
one  itavlng  a  low  gain  (refer  to  the  block  diagram  of  the  recording  system,  Fig.  8.1). 

In  contrast  to  the  two  kinds  of  amplifiers  used  on  Castle,  the  Wigwam  instrumentation 
made  use  of  five  aroidiflers  of  various  types  for  the  crystal  pickup  channels.  For  purposes  of 
idcntlficaUon,  they  were  code  named  as  follows:  the  K,  G,  B,  C,  and  L  or  log  amplifiers. 

These  five  amplifiers,  ia  turn,  can  be  subdivided  into  two  main  groups:  linear  and  logarithmic. 
The  linear  amplifiers  differ  coly  in  their  gain  characteristics.  In  addition  to,  and  in  contrast 
to,  the  Castle  iastnimentation,  each  Wiancko  channel  made  use  ot  a  buffer  amplifier  (the  W 
amplifier).  Each  is  described  in  the  following  sections. 


6.7.1  K  Amplifier 


When  the  signal  voltage  from  the  piezoelectric  pickup  was  sufficient  to  modulate  the  f-m 
oscillator  fully  (Fig.  6.1),  it  was  necessary  to  have  only  an  impedance  tr.'in.sformer  to  match 
the  piezoelectric  sensing  unit  to  the  input  of  the  oscillator.  The  K  amplifier  was  designed  to 
serve  this  purpose  and  was,  essentially,  nothing  more  than  a  specialized  cathode  follower  that 
provided  an  input  impedance  for  the  piezoelectric  pickups  of  up  to  1000  megohms,  making^ 
possible  time  constams  of  the  order  of  10  sec. 

Unlike  the  cathode  follower  used  on  Castle,  the  K  amplifier  (refer  to  schematic  diagram. 
Fig.  6.1vi)  made  use  of  both  sections  of  the  WE-S755/420A  input  tube  and  employed  d-c  feed¬ 
back.  In  addition  to  the  much  higher  stability  provided  by  the  new  K  circuit,  its  frequency 
response  was  flat  from  zero  cycles  to  wdl  over  10  kc.  The  K  amplifiers  provided  a  gain  of 
about  0.97  and  a  linearity  of  better  than  1  per  cent  for  positive  signals  up  to  10  volts. 

The  values  of  Cp  and  Cg  (Fig.  6.16)  were  computed  from  the  known  values  uf;  llie  K.\  of 
the  piezoelectric  unit  with  which  the  amplifier  was  tu  be  used;  Cc,  the  cable  capacity;  P,  the 
predicted  peak  pressure;  and  E,  the  desired  peak  voltage  wliich  the  pressure,  P,  was  to  produce 
at  the  amplifier  input.  For  ease  of  manipulation,  Cs  was  made  to  equal  Cc  *-  Cp;  hence  the 
calibration  voltage  appearing  at  the  amplifier  input  wits  equal  to  half  that  produced  by  the 
calibration  generator. 
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’Schematic  diagram  of  the  fiducial  generator. 


A  Qicture  of  the  K  ainpllfier  l8  showa  in  Fig.  6.1T. 

6.7.2  G,  B,  and  C  Amptiflers 

The  necessity  of  haring  seVerMt  higher  gain  linear  amplifiers  led  to  the  development  of  but 
a  single  '‘master**  amplifier.  By  altering  slightly  the  master -amplifier  circuit,  the  various 
gain  requirements  were  met.  The  code  G,  B,  and  C  simply  referred  to  the  gain  settings  of  the 
“master**  amplifier  and  were  adjuflted  for  an  average  gain  of  3,  5,  and  15,  respectively.  Refer¬ 
ence  to  the  schematic  diagram  in  Fig.  6.18  shows  that  the  over-all  gain  of  the  amplifier  was  set 
by  changing  the  value  of  Rt,  which  controlled  the  anwunt  of  negative  feedback.  Observe,  too> 
that  the  input  circuit  is  similar  to  that  of  the  K  ampliQer  and  thus  affords  the  same  high  input 
impedance  necessary  with  the  use  Of  ciysUl  pickups.  The  B  and.C  amplifiers  were  always  used 
in  parallel  with  either  the  K  or  G  type  amplifier  and  hence  did  not  need  the  insertion  of  a  Cp 
or  Cs  as  was  mentioned  in  the  previous  section.  The  G  ampliQer,  however,  had  an  input  circuit 
which  was  an  exact  duplication  of  the  K  ampUQer,  and  therefore  it  did  require  the  addition 
of  the  two  condensers  Cp  and  Cs»  well  as  a  grid  resistor. 

Direct  coupling  was  used  throughout  the  amplillers;  a  momentary  overload  in  the  higher 
gain  units,  produced  by  either  a  signal  or  calibration  step,  did  not  cause  blocking.  The  time 
constant  vias  determined  solely  by  the  input -circuit  impedance  and  the  associated  capacities  of 
the  crystal  unit  and  cable  and  the  VSlues  of  Cp  and  C5.  ■' 

The  output  circuits  of  the  G,  B,  and  C  amplifiers  were  similar,  in  many  respects,  to  the 
output  circuit  used  with  the  K  amplifier.  'The  d-c  level.  In  all  cases,  was  controlled  by  i 
potentiometer  and  adlusted  for  -1.4  volts  to  satisfy  the  input  requirements  of  the  f-m  oscillator 
Into  which  they  fed. 

Figure  6.19  shows  the  inechhnical.construclioa  of  the  G,  B,  and  C  aroidiflers.  Mechanically 
they  were  identical,  with  the  exception  of  the  addition  of  standoff  terminals  la  the  G  amplifier 
for  the  Insertion  of  Cp,  Cg,  and  the  input  grid  resistor. 


6.7.3  Logarithmic  Amplifier 

The  primary  function  of  the  logarithmic  amplifier  was  to  supply,  in  one  unit,  s  variable- 
gain  ainpuficr  capable  of  uaiiuliiig  tho  mgnals  (uotn  large  aim  smaii}  wwch  did  not  fall  within 
the  range  of  the  linear  amplifiers.  Consequently,  it  was  used  only  In  conjunction  with  a  linear 
amplifier.  Essentially,  it  consistuii  of  a  modified  B  amplifier  (gain  of  S)  which  drove  a  Kay 
Lab  model  SHOE  Logaten  (Kalbfoli  Laboratories,  Inc.,  San  Diego,  Calif  J.  The  output  of  the 
Logaten,  In  turn,  fed  another  “master”  ampUtier  havbig  a  gain  of  10.  Figure  6.20  shows  the 
complete  schematic  diagram  of  tho  logarithmic’ampUfler,  and  Fig.  6.21  shows  the  over-all 
gain  characteristics  of  the  ampltflnr.  The  characteristics  of  the  Logaten  unit  alone  are  shown 
in  Fig.  4.13  of  the  Castle  report.* 

Although  the  heater  within  the  Logaten  was  turned  on  at  —45  min  and  the  amplifier  fila¬ 
ments  were  energized  at  -15  mitt  to  enable  the  amplifier  to  become  thermally  stable,  there 
was  still  considerable  difficulty  In  maintaining  a  zero  d-c  voltage  level  at  the’  Logaten  input. 

In  practice,  the  Input  amplifier  feedltig  the  Logaten  was  "zeroed”  at  -1  rnia  during  trial  runs, 
and  then  only  after  the  complete  unit  had  been  subjected  to  the  same  heat  cycling  it  was  ex¬ 
pected  to  receive  during  ihe  data  run.  As  was  done  with  the  linear  ampUners,  the  d-c  level  of 
tlie  output  was  adjusted  to  -1.4  volts.  TMs  value  was  hard  to  maintain,  however,  because  of 
the  high  gain  ot  the  logarithmic  amplifier  and  the  inability  to  keep  the  Input  of  the  Logaten  unit 
at  zero  voltage. 

Figure  6.22  is  a  picture  of  Uio  completed  amplifier. 


6.8  DAVIES  MODULATOR 


The  output  of  the  piezoelectric  channel  amplifiers  (Sec.  6.7)  was  converted  from  an  ampli¬ 
tude  signal  to  an  f-m  signal  before  Iwing  recorded.  TTiis  U’as  accomplished  by  feeding  the  output 
of  the  amplifiers  directly  into  commercially  available  f-in  oscillators  (Davies  modulators)  and 


then  to  the  recording  head.  » 

(Text  continues  on  page  130.) 
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StnCd  the  expected  data  signal  was  a  poditive-going  voltage  and  since  it  was  desired  to 
obtain  ae  linear  a  frequency  deviation  as  possible  from  the  signal,  the  Oavfes  modiifator  was 
biased  to  operate  near  one  end  o(  its  linear  curve.  Figure  6.23  shows  the  frequency  vs  input 
voltage  relation  for  a  typical  modulator  unit. 

After  a  IS-mln  warm-op  period  from  a  cold  start  and  with  a  -1.4-voU  d-c  bias  signal  at 
the  input  (duplicating  the  data-run  conditions),  the  center  frequency  of  the  oscillator  was  set  to 
27  kc  by  Adjusting  a  small  trimmer  condenser  within  the  unit. 

Modulator  compensation  was  used  to  elitiilnate  an  effect  known  as  "drag-out,”  the  rounding 
off  of  thd  ieacHag  edge  of  a  sharply  rising  step  function.  It  is  believed  that  the  input  capacities 
of  the  Ditvies.  modulators  were  responsible  for  Utis  distortion,  and  consequently  each  of  the 
piezoplectrle  channels  was  affected  to  some  degree,  depending  upon  the  particular  modulator 
used.  TliO  compensation  consisted  of  an  RC  network  which  acted  as  the  complement  of  the 
equivalent  roodniator  Input  circuit  and  had  to  be  tailored  to  the  characteristics  of  each  piezo¬ 
electric  channd. 

Laboratory  tests  showed  that  the  transient  response  of  the  modulator,  after  compensation, 
was  better  than  200  psec  and  that  the  over-all  frequency  drift,  after  warm-up,  was  negligible. 

The  modulator  units  used  with  the  Ampex  recorder  were  modified  slightly  to  provide  In¬ 
creased  driving  power  for  the  Ampex  heads  and  consisted  only  of  tying  together  the  screen 
grid  and  plate  of  the  output  tube.  A  schematic  diagram  of  the  Davies  modulator  Is  shouit  in 
Fig.  6.2f ,  and  a  picture  of  the  unit  Is  in  Fig.  6.23. 


6.9  WlANCKO  CHANNEL  AMPUFIER 


Since  the  outvut  of  the  Wianeko  gage  was  already  an  f-m  signal.  It  needed  only  a  buffer 
amplifier  to  raise  the  signal  level  to  a  value  high  enough  to  drive  the  recording  heads. 

Thin  amplifier  was  of  conventional  design  and  consisted  of  a  dual  Irlode  (12AU7j;  the 
second  hall  of  the  tube  was  connected  as  a  calhfxle  follower.  The  output  of  the  amplifier  was, 
tn  the  case  of  the  Davies  recorders,  capaciUvoIy  coupled  to  the  heads,  and  transformer  coupling 
was  used  with  the  Ampex  recorders. 


Th»  mechaaical  design  o£  Ike  amplifier  {designated  tko  V.'  amplifier)  follo’^'cd  the  same 


pattern  of  consltucUoo  as  was  used  with  the  piezoelectric  channel  amplifiers. 


6.10  CHANNEL  ALLOCATIONS 

6.10.1  Davies  Recorder  Systems 

The  eight  Davies  recording  systems  (two  each  located  on  the  YFNB’s  12  and  29  and  the 
LCM’s  0-1  and  0-2)  were  each  capable  of  recording  10  channels  of  Information.  Of  these  10 
channels,  only  nine  were  availatde  for  recording  data;  one  channel  In  each  system,  termed  the 
reference  ch.innel,  was  used  exclusively  as  a  check  on  the  tape  recording  .speed  (the  operation 
of  this  will  be  covered  more  fully  in  Sec.  6.13.4),  Of  the  nine  channels  available  for  recording 
data,  there  were  but  ei^jt  gages  monitored — one  of  the  pressure  gages  fed  two  amplifiers 
connected  In  parallel  (refer  to  the  block  diagram  of  the  recording  system,  Fig.  6.1). 

6.10.2  Ampex  Recorder  System 

Because  there  were  only  seven  recording  cJiannels  available  on  each  of  the  Ampex  tape- 
tran.sport  mechanisms  (the  Davies  recorders  each  had  lO-ehan.-.ol  heads),  it  necessitated  the 
use  of  throo  Ampex  recorders  and  consequently  the  splitting  of  data  among  three  reels  of  tape 
at  this  station  (YFNB-13). 

Tables  6.1  to  5.S  are  presented  to  show  the  relation  between  the  head  number,  channel 
number  and  type,  and  depth  of  gage  monitored  for  each  recording  system.  The  nominal  pres¬ 
sure  ranges  of  the  Wianeko  gages  are  also  shown. 
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Fig.  6.23 — t)avleJ-mcKlulator  characteristic!* 


131, 


S'ica  STW:5?  m,i  i  cf  eotb'A  r  a<I 
■  '  — inm-ff 

lULlV  li 


vuni  lULi^ 


l'3  0WVD*2/I^«y 


COAinnrmjiflj^ 


6.11  POWER  SUPPUES 


CONFincNTjAt- 

For  ease  of  treatment,  this  section  is  divided  into  parts  covering  (1)  the  primary  power 
sources  (the  batteries)  and  (2)  the  electronic  power  supplies  located  within  the  recording 
equipment  itself. 

6.11.1  Nickel-Cadmium  Batteries 

Both  weight  and  space  limitations  made  the  use  of  standard  lead-acid  storage  cells  as 
well  as  silver-cadmium  cells  impractical  at  the  two  buoy  locations.  Instead,  nlckel-cadmlaiB  ‘ 
cells  (type  B  cells  purchased  from  Sonotone,  Inc,,  Elmsford,  N.  Y.)  were  chosen  because  oC 
their  many  advantages  over  the  other  batteries  tested.  It  was  thought  that  some  of  the  more 
important  points  in  favor  of  the  nickel-cadmium  cells  were:  They  were  relatively  lightweight, 
they  could  be  stored  in  either  a  charged  or  uncharged  state  without  harming  the  cells,  they 
were  capable  of  an  indefinite  number  of  charge-discharge  cycles  (in  excess  of  1000),  and  they 
had  a  nearly  constant  voltage  output  up  to  the  time  the  cells  approached  the  discharged  condi¬ 
tion.  In  addition,  the  energy  stored  per  unit  volume  was  considered  to  be  high  in  relation  to  , 
that  obtainable  from  the  lead-acid  batteries.  The  dimensions  of  the  nickel-cadmium  cellars 
iVi  by  3V„  ly  9  in. 

Since  each  cell,  when  charged,  produced  1.24  volts,  it  was  necessary  to  connect  23  ceils  ia 
series  to  obtain  the  required  28' volts  for  each  of  the  two  recording  systems  per  buoy. 

After  the  reception  of  the  -15-min  signal,  the  total  current  requirement  of  each  recording 
system  was  25  amp.  Since  the  capacity  of  each  nickel-cadmium  cell  was  30  amp-hr,  it  was 
possible  to  run  three  complete  operating  cycles  of  the  equipment  before  the  batteries  had  to 
be  recharged.  Incidentally,  at  -15  min  a  dummy  load  was  substituted  for  the  tape-transport 
power  requirement  in  the  Ampex  equipment,  and  thus  there  was  no  over-all  change  in  power 
requirements  at  -1  min  when  the  tape  transport  was  energized.  There  was  no  need  for  a 
dummy-load  substitution  in  the  Davies  systems. 

Complete  recharging  of  the  nickel-cadmium  batteries  could  be  done  in  a  period  of  about 
45  min  by  using  a  carbon-pile  regulated  generator  which  had  been  set  to  deliver  35  volts.  The 
initial  charging  current  was  as  high  as  50  amp  but  became  less  as  the  back  electromotive  force 
of  the  cells  was  increased.  Section  4.2.4  describes  the  charging  generator  used,  and  See,  4.3.3 
describes  the  placement  of  the  batteries  in  the  buoy  Installations.  A  picture  of  a  nlckel-cadmiua 
cell  is  shown  in  Fig.  6.26. 

8.11.2  Lead-Acid  Batteries 

In  marked  contrast  to  the  buoy  installations,  there  was  but  minor  importance  attached  to 
either  the  volume  or  weight  of  the  batteries  used  at  the  three  trailer  stations.  Consequently^ 
it  was  decided  to  use  standard  Navy  type  lead-acid  batteries  (model  No.  6V-SBMD-130AH), 
which  were  rigidly  mounted  in  iron  frames  at  the  forward  end  of  the  trailers  (Sec.  4.5.1). 

Their  ample  capacity,  130  amp-hr,  ensured  about  14  complete  operating  cycles  before  they 
needed  recharging.  In  practice,  however,  the  batteries  were  placed  on  trickle  charge  (about 
10  amp)  for  several  hours  (or  until  the  specific  gravity  of  the  electrolyte  reached  1.230)  alter 
every  two  or  three  operating  cycles  of  the  equipment,  A  total  of  10  batteries  were  used  in  each 
trailer,  five  for  each  recording  system.  To  obtain  the  28  volts  for  operation,  one  cell  in  each 
bank  of  live  batteries  was  left  disconnected. 

6.11.3  Electronic  Power  Supplies 

Design  changes  of  the  Operation  Castle  amplifiers  required  a  regulated  negative  voltage 
supply  in  addition  to  just  the  positive  supplies  used  on  Castle.  This  negative  supply  was  neces¬ 
sary  since  the  amplifiers,  employing  direct  coupling  between  s'ages,  had  to  have  a  low  d-c 
output  level  (-1.4  volts)  to  match  the  input  circuit  of  the  f-m  oscillators  (Sec.  6.8)  that  followed. 

In  keeping  with  the  general  philosophy  of  "diversification  of  component  responsibility*'  used 
throughout  the  recording  system,  each  electronic  power  supply  was,  circuitwise,  subdivided  into 
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three  Independent  "units."  TVo  of  the  luiilS  each  provided  aa  unregulated  supply  of  +300  volts 
and  a  regulated  supply  of  +200  volts.  Thd  third  unit  in  each  system  provided  two  sources  at* 
regulated  supply  of  - 160  volts.  If  a  failUfe  had  occurred  within  the  power  supply  or,  more 
likely,  within  thfl  recording  system  itself  find  had  disrupted  the  normal  operation  oC  die  power 
supply,  only  half  of  the  recording  systehi  would  have  been  affected. 

The  circuit  for  the  positive  supplies  wap,  essentially,  the  same  as  that  used  in  Castle 
(Sec.  4.3.3  of  the  Castle  report*)  with  but  8  few  minor  changes.  The  complete  sdiematic  dia¬ 
gram  of  the  Wlgy/am  power  supply  is  shown  In  Fig.  6.27  of  this  report.  Laboratory  measure¬ 
ments  showed  that  the  regulated  supplied  had  a  static  output  impedance  of  the  order  of  0.2  ohm. 

Mechanically,  the  Wgwam  power  sdlipHes  (Fig.  6.28)  were  completely  rede^gned  t»fii 
within  the  Davies  recorders.  Thirty-two  SS'/j-volt  Mini-Max  batteries,  used  as  voltage  refer¬ 
ences,  were  wax  sealed  into  a  separate  L‘an,  which  was,  in  turn,  fastened  into  the  main  power- 
supply  chassis  with  Spring-Lock  connect0i’8>  The  use  of  Spring-Lock  connectors  (Simmons 
Fastener  Corp.,  Albany,  N.  Y.)  permitted  easy  removal  for  inspection  or  replacement. 

Initial  operation  of  the  power  supplies  mounted  within  the  Davies  recorders  led  to  a  high 
rate  of  power-lube  failures  within  the  power  supplies  themselves.  This  was  soon  traced  to 
excessive  heat  and  was  remedied  by  installing  a  small  centrifugal  blower  and  vent  holes  in. 
each  of  the  Davies  recorders. 


6.12  INTEGRATED  SYSTEM 
6.12.1  Unitized  Construction 

The  mechanical  redesign  of  the  recording  equipment  used  on  Castle  was  undertaken  to 
reduce  the  over -all  size  of  the  equipment  and  to  facilitate  its  servicing.  The  new  design  mad* 
extensive  use  of  unitized  construction,  lidi,  as  many  individual  units  as  possible  within  the 
recording  equipment  were  mechanically  constructed  to  have  the  same  outside  dimensions. 

The  result  was  a  high  degree  of  lntercli!in({Oablllty  between  the  individual  units  within  the  equip¬ 
ment  and,  of  course,  an  lncrea.sed  over-all  system  fle.'cibllity.  Reference  to  the  photographs  in 
Figs.  6.17,  6.10,  and  6.22,  for  instance,  will  show  the  mechanical  similarity  between  the  six 
types  of  amplltlors  used. 

The  individual  units  within  the  recording  system — amplifiers,  timers,  and  fiducial  gen- 
cvdloi'-^were  plugged  Into  a  master  alUnllmim  panel  that  had  been  prewired,  and  thus  the  need 
for  interconnecting  cables  was  ellminaled.  Each  unit  was  securely  fastened  to  the  panel  by 
means  of  Quick  Lock  connectors  (Simmoiia  Fastener  Corp.,  Albany,  N.  Y.).  In  addiUon  to 
eliminating  the  problem  of  losing  or  dropjilng  bolts  and  nuts  Into  the  equipment,  which  might 
cause  short  circuits  (considerable  time  was  spent  salvaging  "lost"  bolts  on  Operatkni 
Castle),  the  units  could  be  unplugged  and  Changed  within  a  few  seconds.  This  type  of  construc¬ 
tion  also  made  It  possible  to  have  all  the  components  readily  accessible  for  testing  while  the 
equipment  was  In  operation. 

The  alumlnuin  panel  with  its  associated  amplifier  and  timer  units  mounted  on  it  was,  i* 
turn,  bolted  to  an  aluminum  framework  which  supported  the  tape-transport  mechanism.  Two 
such  frameworks,  each  with  its  completo  recording  system,  were  bolted  back  to  back  and  thus 
provided  a  dual  recording  system  for  each  Davies -recorder  station.  Figure  6.29  shows  the 
assembled  recording  .system  and  the  placement  of  the  individual  components.  The  Ampex  re¬ 
corders  were  mounted  on  a  different  type  of  framework  due  to  their  heavier  weight  and  differe.-* 
suspension  requirements.  All  the  eleclroidc  plug-in  units  were  anodized  (each  type  a  different 
color)  which  served  as  protection  from  corrosion  as  well  as  an  easy  means  of  identilicatioa. 


6.12.2  Tost  Equipment 

System  test  nets  used  for  checking  lliO  electrical  performance  of  the  recording  equipment 
were  found  to  be  extremely  useful  throughout  the  entire  operation.  The  additional  test  equip¬ 
ment,  designed  to  fulfill  a  specific  need,  wao  used  in  conjunction  with  and  to  supplement  the 
standard  equipment  normally  used  (vacUUm-tube  voltmeters  and  osetiiators). 
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The  most  versatile  of  the  units  was  the  test  box,  which  by  means  of  switches  controlled 
.any  or  all  of  the  functions  normally  performed  by  the  two-out-of-three  box,  the  sequence 
timer,  and  the  calibration-voltage  generator.  For  instance,  by  the  proper  selection  of  the 
switches  within  the  test  box,  each  of  the  voltages  produced  by  the  calibration-voltage  generator 
could  be  “called  for”  and  measured.  The  test  box  was  also  capable  of  simulating  a  zero-time 
fiducial  signal  for  purposes  of  testing.  All  these  functions  could  be  performed  by  inserting  Just 
one  multiconnector  cabie  into  a  test  connector  plug  mounted  on  the  frame  of  each  recording 
system  and  another  smaller  cable  into  the  two-out-of-three  box. 

In  addition  to  the  test  box,  there  was  a  power -supply  tester,  which  provided  a  quick  check 
on  the  oi>era(fon  of  the  etectronlc  power  supplies.  By  simply  pushing  buttons,  one'was  aWsI*' 
simulate  the  no-load  and  full-load  conditions  imposed  upon  the  power  supply  by  the  recording 
equipment  and,  at  the  same  time,  to  check  the  change  in  output  voltages  produced  by  these 
different  load  conditions.  This  measurement  indicated  how  well  the  power  supply  was  regulating. 
Provisions  were  also  made  for  checking  each  of  the  eight  reference  voltages  supplied  by  the 
dry  cells  sealed  into  the  reference-voltage  box. 

Two  other  pieces  of  spoclaltzed  test  equipment,  the  recording-head  monitor  switch  and ' 
the  amplifier  outiMt-level  checker,  were  designed  to  simplify  checking  of  the  recording  equip¬ 
ment.  The  recording-head  monitor  switch  enabled  one  to  quickly  “tap”  Into  any  of  the  recording  • 
heads  in  the  system  and  monitor  the  head  current  (by  measuring  the  voltage  across  a  small 
resistor  placed  in  series  with  the  head).  The  amplifier  output-level  checker,  on  the  other  hand, 
provided  an  easy  way  of  determining  when  the  d-c  output  level  of  the  amplifiers  (-1.4  volts) 
was  properly  set.  It  essentlnUy  provided  a  -1.4-volt  bucking  voltage  and  indicated,  by  a  null 
detector,  when  the  amplifier  output  was  equal  to  its  internal  voltage,  thus  providing  an  Infinlte- 
Impedance-measurlng  device. 

PicUires  of  the  four  pieces  of  test  equipment  are  shown  in  Fig.  6.30. 

6.13  PLAYBACK  SYSTEM 

The  Wigwam  playback  syatem.was,  in  many  respects,  similar  to  that  used  on  Castle.  There 
were,  however,  a  few  important  differences;  these  will  be  discussed  in  the  sections  that  follow. 

6.13.1  Oavics  System 

The  main  difference  between  the  playback  system  used  on  Castle  and  that  of  Wigwam  was 
the  ;?ddiUon  of  two  new  Davies  type  discriminators  and  the  use  to  which  the  old  Castle  dis¬ 
criminators  were  put.  Thu  old  discriminator  originally  used  for  the  data  channel  in  Castle  was. 
In  Wigwam,  used  for  the  fiducial  (timing)  channel,  and  the  other  Castle  discriminator  (originally 
used  for  both  the  reference  and  servo  channels)  was  used  only  for  the  servo  channel.  The  two 
new  discriminators  purchased  for  Wigwam  were  used  for  the  data  and  reference  channels, 
respecUvely.  Timing  on  Castle  was  put  on  during  the  playback  and  required  no  discriminator. 

As  was  the  case  in  Castle,  the  playback  speed  was  reduced  by  a  factor  of  10  to  1  (to  3 
ui./sec)  because  of  the  limited  high-frequency  response  (arouitd  800  cycles)  of  the  Century 
string  oscillograph. 

6.13.2  Aropex  System 

On  Castle,  electronic  compensation  was  not  used  with  the  Ampox  recorders  to  reduce  the 
effects  of  recording-tape  speed  variations.  It  was,  however,  used  on  Wigwam  and  reduced  the 
noise  from  tape  flutter  by  aljout  a  factor  of  5.  In  addition,  the  use  of  electronic  compensation 
served  to  make  the  data  amplitude  independent  of  the  capstan  drive  speed.  Since  the  Ampez 
heads  are  not  all  in  the  same  line  (as  are  the  Oavics  heads),  the  amount  of  compensation 
possible  varied  from  head  to  hc.ad  and  depended  upon  the  relative  position  of  the  data  head  with 
respect  to  the  one  used  for  the  reference  channel  (head  No.  3). 

Electrically,  the  techniques  used  for  playing  back  data  from  the  Ampex  recorders  were  the 
same  as  those  used  with  the  Davies  recorders. 


r  SHCai-T-^  lip'TR}CTSd..DilA 

CONFIDENTIAL 


S.13.3  Timing 


CONFIDENTIAL. 


The  amplitude-modulated  output  of  the  2000-cycle  ttming  oscillator  (Secs.  Sj6.2  and  S.C  J} 
was  superimposed  on  the  frequency -modulated  carrier  of  a  Wiancko  channel  at  the  tinae  the 
data  were  recorded.  liSter,  during  playback,  the  two  frequencies  were  separated  by  the  use  ef 
a  500 -cycle  low-pass  filter.  The  timing  signal  was  then  amplified  and  fed  directly  to  the 
Century  string  oscillograph,  the  end  recording  instrument;  however,  since  the  playback  speed 
was  Vij  the  recording  speed,  the  frequency  of  the  timing  oscillator,  when  played  back,  was  odly 
200  cycles. 


6.13.4  Reference  Oscillator 

In  addition  tq  the  tuning-fork  and  L-C  oscillators  mentioned  in  Secs.  6.6.2  and  6.6.3,  there 
was  a  crystal  oscillator  which  can,  in  a  broad  sense,  be  considered  as  a  part  of  the  over-all 
timing  system.  Its  function  was  to  supply  a  standard  frequency  (33.3  kc)  and  was  recorded  om 
what  was  termed  the  "reference  channel"  of  each  recording  system  throughout  its  complete 
operating  cycle.  Later,  during  playback,  this  recorded  frequency  of  the  crystal  oscillator  was 
compared  with  another  standard,  and  any  deviations  from  the  original  frequency  were  inter¬ 
preted  as  a  shift  in  tape  speed.  The  error  voltage  thus  produced  by  the  frequency  deviation  of 
the  reference  channel  contained  only  the  “noise"  component  (produced  by  both  low-  and  high- 
frequency  tape-speed  variations)  of  the  recorded  data  signal.  The  high-frequency  noise  as 
obtained  from  the  reference  channel  was  shifted  180*  and  then  added  electronically  to  tte 
signal,  thus  canceling  the  high-frequency  component  of  the  noise  voltages.  This  produced  as 
over-all  Improvement  in  signal-to-noise  ratio  ol  about  5  to  1. 

Long-term  tape-speed  drift  was  compensated  for  by  using  a  separate  disciiminator  and 
feeding  Just  the  low-frequency  components  of  the  noise  voltage  to  an  elsstromeehanical  servo 
system  which,  In  turn,  changed  the  playback  speed  to  match  that  of  the  original  recording. 

The  compensation  system  as  used  on  Castle  and  that  of  Wigwam  were  essentially  the 
same  electrically.  However,  in  Wigwam  an  additional  discriminator  was  used  for  the  servo 
link.  The  difference  is  shown  in  Fig.  6.31. 

The  principle  of  the  playback  system  is  discussed  more  fully  in  Appendix  A  of  the  Castle 
report.* 


6.13.5  Cross  Talk 

Signal  Interference  between  adjacent  channels  proved  to  be  much  more  serious  in  Wigwam 
than  in  Castle,  even  though  identical  recording  heads  were  used  because  of  the  low  signal  level 
recorded  on  Castle.  In  some  cases  the  recorded  signal  from  an  adjacent  channel  was  actually 
stronger  than  that  produced  by  the  directly  recorded  signal  and  was  a  function  of  both  the 
recording  frequencies  and  their  amplitudes.  Laboratory  tests  later  showed  that  some  heads 
were  driven  to  as  much  as  two  and  three  times  saturation,  although  this  was  sot  considered  to 
be  the  prime  cause  of  the  cross  talk. 

In  all  cases,  however,  the  interfering  signals  were  attenuated  by  employing  selective 
filters. 


6.13.6  Record  Reproduction 

Preliminary  data  records  were  reproduced  on  a  cathode-ray  oscilloscope  and  a  Sanbon 
recorder  as  a  check  on  over-all  amplifier  gain  and  record  running  times.  The  Sanborn  pen 
movement  was  capable  of  reproducing  signals  of  up  to  only  60  cycles  and  thus  Indicated  only 
the  general  character  of  the  recorded  signals. 

The  final  records  were  reproduced  on  a  model  408-X  Century  string  oscilloscope  using 
only  four  of  the  recording  strings.  The  records,  produced  on  8-in.  high-cootrast  paper,  had 
the  fiducial  and  Vj-scc  radio  time  signals  recorded  qn  a  channel  near  the  edge  of  the  paper, 
the  data  record  near  the  center,  and  the  coded  timing  signal  (scaler  output)  near  the  bottom 
edge.  The  fourth  chaimel  was  left  unenergized  and  served  only  to  produce  a  reference  base 
line  from  which  amplitude  measurements  were  made.  An  attenuator  panel  was  inserted  between 
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the  string  galvanometers  and  their  respective  driving  sources  to  provide  a  means  of  matching 
impedances  and-aBitroiiing'jdgnal  ampDhides. 

Paper  speeds  varied  from  %  to  12  itt./sec,  dq;>ending  upon  the  degree  of  resolution 
desired.  Records  that  contained  bubble-pulse  data  were  run  from  zero  time  up  to  as  much  as 
-I- 100  sec  to  ensure  the  inclusion  of  Ohis  information  on  the  final  record. 

A  bloch  diagram  of  the  playback  system  is  given  in  Fig.  6.32. 


6.14  SYSTEM  ACCURACT 


As  was  true  in  the  Ckstle  test,  the  major  factor  affecting  the  over -all  system  accuracy 
was  the  signal-to-nolse.  ratio.  Other  factors  contributing  to  Inaccuracies  were  the  amplifier 
gain  drift,  circuit  nonlinearitles,  and  calibratton  inaccuracies.  In  Wigwam,  however,  those  last 
foctors  were  small  and  considered  to  be  negligible  in  respect  to  the  noise  figures. 

6.14.t  Fiezoelectric  Linear  Channels 

Measured  values  of  noise  appearing  on  the  linear  amplifier  channels  seemed  to  fair  within 
2  to  4  per  cent  of  the  peak  values  of  the  pressures  measured  for  the  initial  shock  wave.  This 
value  of  noise  was  by  no  means  constant  and  varied  quite  widely  from  even  one  part  to  another 
of  a  particular  record,  hi  general,  the  records  obtained  from  the  Ampex  recorders  had  loss 
noise  than  those  from  the  Davies  recorders;  this  was  due,  for  the  most  part,  to  the  inherently  . 
’ower  flutter  components  of  the  Ampex  system. 

The  use  of  d-c  coupling  throughout  the  amplifiers  (except  for  the.input  circuit)  reduced 
errors  arising  from  the  fact  that  the  RC  time  constant  of  the  system  was  not  infinite.  These 
errors  were  found  to  be  quite  small — of  the  ord»  of  Vi  per  cent  at  most. 

In  general,  the  over-all  accuracy  from  the  linear  amplifier  channels  of  the  Davies  re¬ 
corders  was  probably  within  4  per  cent,  and  those  obtained  from  the  Ampex  were,  because  of 
the  lower  values  of  tape  flutter,  no  doubt  better  than  thin. 

6.14.2  Piezoelectric  Logarithmic  Channels 

Nearly  all  the  reduced  data  were  obtained  from  either  the  linear  amplifier  or  Wiancko 
channels  since  the  desired  data  fell  within  one  or  more  of  the  ranges  covered  by  these  chiutnels. 
Consequently,  there  were  but  few  figures  available  for  logarithmic  channel  accuracy  com¬ 
parisons.' 

It  may  be  said,  however,  that  high  accuracy  was  not  a  prime  requirement  in  the  use  of  the 
logarithmic  channels.  ThHr  only  purposes  were  to  serve  as  a  backup  for  the  other  channels 
and  as  protection  against  large  prediction  errors.  Gain  drift,  alone.  In  the  Logatens  would 
prevent  measurements  being  made  to  an  accuracy  of  better  than  about  10  per  cent  of  full  scale. 

6.15.3  Wiancko  Channels 

Noise  measurements  on  the  Wiancko  channels  showed  a  greater  background  hash  than  the 
linear  amplifier  channels.  This  can  be  accounted  for  by  the  fact  that  U>e  linear  range  of  the 
Wiancko  oscillators  was  reduced  by  the  static  pressure  of  the  water  to  which  they  were 
subjected.  The  upper  limit  of  this  noise  was,  in  general,  around  6  per  cent  of  the  peak  pres¬ 
sures  of  the  Initial  shock  ^vave.  Here,  again,  there  were  wide  variations  from  point  to  point 
within  a  given  record.  However,  the  over-all  accuracy  of  the  Wiancko  channels  was  probably 
only  a  little  less  than  that  of  the  piezoelectric  linear  amplifier  channels  since  there  were 
several  sources  of  inaccuracies  In  the  latter  (ampHfiers  and  RC  time  constants)  which  were 
not  applicable  to  the  Wiancko  channels. 

6.14.4  Summary  of  System  Accuracy  and-Errors 

A  summary  of  the  various  sources  of  errors  for  the  two  recording  systems  used  (Ampex 
and  Davies)  and  their  various  channels  flinear,  logarithmic,  and  Wiancko)  is  given  in  Table  6.4. 
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*  To  nearest  l/Z  per  cent  of  full  scale  error. 


**  Boise  neasured  on  hlgh-galn  (linear)  part  of  logarittmic  curve  and  cosipared  to  peak 
pressures  falling  on  low-gain  part  of  curve. 


***  SqtMire  root  of  the  aua  of  the  Squared  Errors. 


Although  some  of  the  information  concerning  the  percentage  errors  is  based  on  data  taken  in 
the  laboratory,  it  must  be  emphasized  that  the  remainder  is  based  only  on  the  best  estimates 
which  can  be  obtained  from  the  design  characteristics  of  the  recording  and  piayback  equipment. 

In  cases  where  an  error  is  considered  to  be  smatl  compared  to  the  other  entries  for  the 
same  system,  it  has  been  omitted. 

The  table  shows  that.  In  general,  the  Ampex  system  is  a  little  better  than  the  Davies 
system  (because  of  the  lower  noise  components  due  to  reduced  tape  flutter)  and  that  the  piezo¬ 
electric  linear  channels  are  slightly  superior  to  the  others.  The  logarithmic  channels  are  the 
least  accurate. 


6.15  CONCLUSIONS  AND  HECOMMENDATIONS 

Electronically,  operation  of  the  equipment  on  Wigwam  proved  to  be  a  successful  under¬ 
taking.  There  were  a  few  instances,  though.  In  which  experience  with  the  operation  of  the 
recording  equipment  and  Its  construction  would  dictate  some  changes.  These  are  listed  below 
for  reference  purposes: 

1.  Calibration-voltage  generator;  It  is  suggested  that  a  ground  or  zero  voltage  be  Inter¬ 
posed  between  each  of  the  calibration  steps.  Such  a  calibration  sequence  would  offer  two  ad¬ 
vantages  over  the  present  system,  namely,  (1)  eliminate  the  cumulative  effect  of  a  positive 
(or  negallvo)  charge  on  the  Input  circuit  with  the  consequent  introduction  of  the  RC  time- 
consta.nt  error  at  this  point  and  (2)  facilitate  in  some  cases  the  determination  of  the  calibration 
step  being  read  during  tlie  final  data  analysis.  Unfortunately,  unless  other  changes  were  made, 
the  Introduction  of  a  ground  between  each  calibration  step  would  halve  the  number  of  available 
steps  and  possibly  introduce  a  larger  source  of  error  In  the  data  analysis. 

2.  Timing  system: 

a.  The  proven  accuracy  of  the  L-C  timing  oscillator  (Sec.  0.5.2)  militates  against  the 
use  of  a  tuning-fork  oscillator  in  all  but  data-recording  systems  having  a  great  many  channels. 

b.  The  use  of  the  scaler  (Sec.  6.6.3)  las  shown  the  need  for  extensive  redesign  to  in¬ 
crease  both  its  reliability  and  type  of  coding  to  facilitate  reading  of  the  finished  records. 

3.  Amplifiers: 

a.  In  Wigwam  as  in  Castle,  drift  of  the  logarithmic  amplifier  gain  proved  to  be  c-x- 
cessive.  This  can  probably  be  reduced  by  allowing  even  a  longer  warm -up  time  than  the  45 
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more  linear  amplifiers  covering  as  over -all  greater  dynamic  range  may  prove  to  be  more 
feasible, 

b.  A  better  design  (or  closer  quality  control)  of  the  dscillators  in  the  Wiancko  gagM 
would  permit  the  recording  heads  to  be  driven  directly  by  the  output  of  the  gage  oscillator  and 
eliminate  the  need  for  the  buffer  amplifier  used  on  Wigwam. 

4.  Unitized  construction:  It  is  felt  that  when  a  large  number  of  similar  items  (over  20)  are 
to  be  built,  considerable  time  and  expense  can  be  saved  through  the  use  of  unitiscd  constnctlon. 
The  equipment  for  Wigwam  was  a  major  step  in  this  direction.  However,  even  better  aoiformity 
of  construction  ar>d  ease  of  serviditg  can  be  achieved  through  the  use  of  printed  circuitry.  A 
good  deal  of  time  via  spent  circuit  tracing  the  Wigwam  equipment  to  find  initial  wirinQ  errors: 

5.  Playback  system:  The  playback  system,  at  best,  was  found  to  be  cumbersome  and 
inflexible.  The  system  required  rather  extensive  changes  whenever  it  was  desir^  to  ebange 
the  basic  type  of  record  being  reproduced,  i.e.,  from  a  Davies  recorder  to  an  Amptx  recorder 
or  from  a  plezueleciric  gage  record  to  a  Wiancko  gage  record.  Time  did  not  permit  tbs 
installation  of  switches  to  facilitate  these  changes  and  so  connections  bad  to  be  laboriously 
changed  by  hand  each  time,  with  the  added  possibility  of  making  mistakes. 

Newer  recording  systems  are  being  developed  which  will  materl^y  increase  the  over-all 
accuracy  and  frequency  response  cf  the  entire  recording  and  playback  system,  necessitating  the 
complete  redesign  of  the  playback  system. 
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CHAPTEa  7 


LOCATION  OF  GAGES 


7.1  GENERAL  APPROACH  TO  PROBLEM 

To  interpret  the  data  obtained  at  various  recording  statibas,  it  was  necessary  to  know  the 
distance  o(  the  station  or  gage  from  the  explosive  ch.'irge.  Since  the  array  was  considerably 
distorted  by  wind  and  waves  and  the  rate  ot  tow  was  low,  the  distances  could  not  be  estinuted 
with  sufficient  accuracy  from  the  amount  of  tow  cable  between  stations,  the  lengths  of  the 
barges,  and  measurements  on  deck.  To  circumvent  this  une^qiected  gap  In  the  &ta,  several 
indirect  methods  were  used  to  determine  the  radial  distances  from  the  yc>473  and,  as  re< 
quired,  the  relations  of  one  vessel  to  another. 

Probably  the  most  accurate,  most  convenient,  and  most  comprehenMve  information  could 
have  been  obtained  from  an  aerial  mosaic  made  at  the  time  of  the  explosion.  However,  such  a 
mosaic  was  not  available,  although  mosaics  were  made  90,  40,  and  50  min  before  the  shot. 
Photographs  of  parts  of  the  array  were  made  at  zero  time  try  cameras  located  on  the  YENB-IS 
and  YFNB-29.  Accurate  data  on  the  time  of  arrival  of  the  shodt  wave  at  certain  positions  In  the 
array  were  available.  From  the  latter  two  sources  It  was  possible  to  reconstruct  the  coafIgura» 
tlon  of  the  major  elements  of  the  array,  using  the  time  of  arrival  to  determine  their  distance 
from  SZ  and  using  the  photographs  to  determine  their  angular  relations.  A  check  on  the  dis> 
lances  between  YFNB’s  was  also  made  by  measuring  the  height  of  tbelr  masts  in'the  photo¬ 
graphs.  The  calculated  general  configuration  of  the  array  at  shot  time  was  checked  against  the 
available  mosaics  and  wire  tow-cable  lengths  to  be  sure  there  were  no  impossible  arrange¬ 
ments  of  elements.  The  calculated  eCHtflguraUen  is  possible  and  is  reasonably  consistent  with 
all  data  available  to  Project  1.2. 

7.2  PROCEDURE  USED 

The  primary  method  of  shock-arrival  ranging  was  based  on  Qie  following  information  and 
assumptions: 

1.  The  sound  velocity  vs  depth  Information,  Table  7.1,  calculated  from  information  supplied 
by  the  Scripps  Institution  of  Oceanography  (see  reference  1). 

2.  Depth  of  charge,  2000  ft  (see  reference  2). 

3.  Time  from  zero  fiducial  mark  until  explosion,  13  msec  (see  ^scussion  below). 

4.  Time  vs  distance  data  for  the  shock  wave  up  to  1375  It  from  the  charge  (see  the  pre¬ 
liminary  version  of  reference  3  and  also  see  reference  4). 

5.  E.xccss  of  shock  velocity  over  acoustic  velocity  in  accordance  with  reference  5. 

6.  Arrival  time  of  shock  wave  at  the  gages  of  Projects  1.2  (see  Chap.  3)  and  1.3  at  certain 
nominal  depths. 


T.  'Ihe  assuzcption  tbat  the  benmng  of  the  shock -wave  path  by  the  hydrographic  structure 
introduced  negli^Ie  changes  in  the  distances  traveled  by  the  shock  wave  from  those  of 
straight  ray  paths  out  through  the  region  in  which  the  NOL  electronic  pressure-time  gages 
were  located. 

The  first  operation  was  to  determine  the  location  of  the  shock  front  during  its  first  370 
msec  of  travel.  Porzel  (preliminary  version  of  reference  3)  reported  the  time  of  arrival  rela-' 
tive  to  an  electromagnetic  disturbance  (presumably  the  detonation)  at  distances  from  the  charge 
from  14  to  1220  ft.  Cunningham*  repoHed  the  arrival  time  relative  to  the  EG&G  fiducial  mark 
at  nominal  dtstances  800  to  1975  ft  from  the  charge.  Although  the  two  sets  of  instrumentation 
providing  ttesedata  were  not  on  a  common  support  cable,  they  were  probably  close  enough  ’ 
together  that  Hieir  arrival  tliue  v»  dlstauce  curve  should  be  reasonably  smooth.  In  plotting  the. 
two  sets  of  data  together  (Fig.  7.1),  it  was  found  that  to  obtain  a  smooth  curve  it  was  necessary 
to  assume  that  the  fiducial  mark  occurred  13  ±  1  msec  before  the  explosion.,  A  detailed  dis¬ 
cussion  of  the  reasoning  is  given  in  Sec.  5.1  of  reference  4. 

The  next  stey  was  to  compute  the  shock -wave  velocity  in  all  regions  of  interest  so  that  the 
poeition  of  the  shock  wave  at  various  times  could  be  calculated.  Figure  7.2  is  a  replotting  of 
the  data  of  reference  5  to  a  suitable  scale  for  the  range  of  pressures  to  be  found  in  these 
regions.  From  Fig.  7.2  and  the  expected  (or  measured)  shock-wave  decay  with  distance,  Fig. 

7.3  was  coostmcted. 

In  Fig.  7.3  the  distance  from  1000  to  13,000  ft  from  the  charge  was  divided  into  16  regions  . 
(Table  7.2),  In  each  of  which  the  extra  velocity  due  to  shock  pressure  decreased  by  0.2  per 
cent.  The  hydragraphlc  data  on  sound  velocity.  Table  7.1,  were  plotted  (Fig.  7.4),  and  average 
velocities  in  eight  zones  of  depth  were  determined.  A  large  graph  was  made  showing  the 
arrangement  of  zones  of  depth  and  regions  of  distances  from  the  charge.  The  shock-wave 
velocity  in  each  zone-region  was  then  computed  and  tabulated  (Table  7.2).  Appropriate  rays 
were  drawn  on  the  large  graph,  and  the  position  of  the  shock  wave  after  each  0.1  sec  was  cal¬ 
culated  (Table  74).  A  section  of  the  large  graph  is  reproduced  in  Fig.  7.5  to  show  the  method 
of  use. 

A  targe  chart  of  the  array  was  then  prepared,  showing  the  positions  of  certain  elements  at 
various  times  as  determined  from  the  aerial  mosaics.  The  location  of  the'YFNB‘-29  was 
measured  and  plotted  for  the  times  -50,  -40,  and  -30  min.  From  the  sonic  ranging  calculations 
an  arc  was  plotted  representing  the  possible  positions  of  the  NOL  gage  string  on  the  YFNB';29 
at  zero  time.  The  heading  of  the  YFNB-29  was  determined  from  photographs  taken  from  its  stern 
by  a  camera  which  had  its  optical  axis  aligned  parallel  to  the  center  line  of  the  barge.  Since  a 
line  from  the  cameras  on  the  YFNB-29  to  the  YC-473  was  not  necessarily  collnear  with  the 
basic  grid  line  of  the  aerial  mosaics,  a  position  was  selected  for  the  YFNB-29  consistent  with 
locations  shown  in  the  mosaics  but  with  a  distance  determined  by  shock-wave  ranging  and  a 
heading  determined  by  surface  photographs.  The  exact  orientation  of  the  photomosaic  grid  was 
not  known  to  Project  1.2.  The  grid  was  merely  convenient  for  comparing  the  relative  motions 
of  the  barges  during  the  hour  preceding  shot  time.  Project  1.5  (reference  7)  has  determined 
the  actual  bearing  of  the  YFNB-29  from  the  YC-473  to  be  about  003°T,  but  this  docs  not  affect 
the  relations  calculated  in  this  chapter. 

By  the  use  of  angles  determined  from  the  YFNB-29  photographs  and  of  distances  deter¬ 
mined  from  sonic  ranging,  the  positions  of  the  YFNB’s  13  and  12  were  plotted.  The  angles  ob¬ 
tained  from  photographs  of  the  YFNB’s  29  and  13  and  the  shock -wave  arrival  times  at  the  stem 
of  the  SQUAWs  then  determined  the  rough  locations  of  pontoons,  SQUAW-29,  and  the  LCM’s. 

The  headings  of  the  TFNB’s  12  and  13  were  checked  by  angles  from  the  YFNB-29  and  arrival 
times  at  the  NEL  and  NOL  electronic  gage  strings. 


7.3  POSITIONS  OF  ARRAY  ELEMENTS 

Figure  7.S  shows  the  estimated  positions  of  the  YFNB's  12,  13,  and  29  at  various  times 
as  shown  in  the  chan  ot  the  array.  The  shifts  of  position  indicate  th.!!  the  elements  of  the 
array  were  moving  relative  to  one  another  and  that  perhaps  the  whole  instrumentation  end  of 

(Text  continues  on  page  163.) 
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Table  7.3 — SHOCK-WAVE  POSITIONS  ON  VARIOUS  RAYS 
(DISTANCES  IN  FEET) 


Raty  Angle 
above 
Horizontal 

o 

0 

5°  39' 

90  44, 

13°  22’ 

19O  28* 

0 

0 

Ray 

Hunber 

1 

III 

•  V 

VII 

X 

XII 

Tiae  in  sec 

after 

'  detonation 

.2 

1152 

1152 

1152 

1152 

1152 

1152 

.3 

1647.7 

1647.4 

1647.4 

1647.4 

1647.4 

1647.7 

.4 

2141. 1 

214o.5 

214o.5 

2i40.5 

214o.5 

2142.7 

-5 

2632.8 

2632.6 

2632.6 

2632.6 

2633.5 

2638.8 

.6 

2123.6 

3122.4 

3122.4 

3122.4 

3125.4 

3132.3 

•7 

3613.2 

3612.3 

3612.3 

3613.2 

3617.6 

3630.4 

.8 

4102.3 

4102.6 

4102.6 

4103.5 

4110.1 

4129.0 

.9 

4590.9 

5591.5 

4592.4 

4593.8 

4605.0 

4627.2 

1.0 

5079.3 

5080.2 

5082.0 

5084.8 

5102.1 

1.1 

5566.9 

5568.1 

5570.8 

5575.8 

5599.3 

1.2 

6054.5 

6056.0 

6060.0 

6085.5 

6096.5 

1.3 

6542.1 

6543.9 

6550.2 

6563.0 

6593.7 

1.4 

7029.1 

7031.8 

704o.4 

7059.5 

• 

1.5 

7516.5 

7519.7 

7531.1 

7555.8 

1.6 

8003.2 

8007.6 

8022.9 

8052.0 

1.7 

8489.3 

8495.5 

8516.0 

8548.2  . 

1.0 

8976.6 

8983.4 

9010.5 

9044. 4 

1.9 

9463.3 

9471.3 

9506.4 

9540.6 

2.0 

9950.0 

9959.2 

10002.6 

2.1 

10436.7 

10447.9 

10498.0 

2,2 

10923. 

10937.2 

10995.0 

2.3 

11410.1 

11426.5 

11491.2 

2.4 

11896.8 

11915.0 

11987.4 

2.5 

12383.5 

12405.8 

12483.6 

2.6 

12870.2 

12896.6 

12979.8 

SSCSSif  K2St:iVcTED  data! 
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Table  7.4— BEST  ESTIMATES  OF  EQUIPMENT  LOCATION 
(VALUES  ROUl'IDSD  TO  NEAREST  5  FT) 


► 

Item  Measured 

Depth 

On  Aerial 
Photo.  Grid 

Radial  Dist. 

Slant  Range 
froift  Charge 

Out 

Off  to 
Side 

rrom  Surface 
Zero 

YFNB-29  EFT 

25 

11030 

190 

11030 

ltg05 

String 

50 

11025 

11200 

100 

11030 

11190 

200 

11025 

11.175 

300 

11025 

11155 

500 

- 

11025 

11125 

1000 

11020 

‘  12065  , 

YFNB-13  EPT 

25 

8020 

h^6 

8035 

6275 

String- 

50 

8035 

8270 

100 

8035 

8255 

200 

6030 

8230 

■300 

8030 

8205 

500 

8020 

8160 

1000 

8005 

8065 

YFNB-12  EPT 

25 

5505 

1095 

5800 

59>*0 

String 

50 

5600 

100 

5600 

59.15 

200- 

5600 

5^ 

* 

300 

5590 

5845 

500 

5585 

5780 

1000 

5580 

5650 

YFNB-12  MIT-BC 

0 

5350 

1000 

5bliO 

YFNB-13  MPT-BG  ■ 

0 

7850 

U30 

7660 

YFNB-29  MPT-BC 

0 

10865 

200 

10865 

MPT -Buoy  No.  1 

0 

2730 

345 

2900» 

YFNB-12-NSL-EFT 

0 

5495 

1000 

YFNB-13-NSL-EPT 

0 

7990 

380 

7995 

YI-’NB-13-NSL-EFT 

0 

10980 

115 

10960 

MPT -Buoy  No.  2 

— 

1 

— 

6700* 

*  By  Method  of  Section  8.2.6 
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the  array  «as  surging  slightly.  The  array  seems  straighter  at  zero  time  than  at  -30  min. 

The  differences  between  the  zero-time  plot,  and  the  aerial  mosaic  plots  seem  consistent  with 
the  shifts  during  the  10-mln  intervals  between  mosaics. 

From  the  large  graph  of  arrival  time  vs  location  and  the  large  chart  of  the  array.  Table  7.4 
was  compiled.  It  shows  various  distances  relative  to  the  charge  and  the  grid  for  a  number  oi 
gages  and  stations. 

It  is  evident  from  these  time-of -arrival  data  that  the  NOL  electronic  gage  strings  sfantcd 
slightly  toward  the  charge  from  the  surface.  This  does  not  agree  with  an  informal  communica¬ 
tion  from  Bbrrer*  of  Scrlpps  which  indicated  that  at  a  depth  of  1000  ft  the  NOL  piezoelectric 
and  Wlancko  nae  had  a  starboard  excursion  of  about  25  ft  and  a  forward  excursion  of  about  10' 
ft.  However,  the  deviation  from  the  vertical  in  either  event  was  not  serious  since  a  moderate 
surge  in  the  array  could  reasonably  slant  the  gage'cables  as  indicated. 

Some  items  could  not  be  located  by  the  methods  described  in  this  chapter.  The  NOL 
mechanical  pressure-time  gage  buoy  No.  2  was  not  detected  in  any  photographs,  and  the  loca¬ 
tion  of  the  mechanical  pressure-time  gage  buoy  No.  1  from  photographs  only  gave  its  position 
%  hr  before  mio.  However,  a  technique  described  in  Sec.  8.2,6  gave  the  accepted  values  listed 
in  Table  7.4.  The  NOL  ball-crusher  buoys  on  the  tow  cable  did  not  yield  data,  and  no  serious 
attempt  was  made  to  locate  them.  The  0-1  electronic  pressure-time  gage  buoy  broke  free  about 
4  hr  before  shot  time,  and  the  0-2  buoy  broke  free  during  the  night  before  D-day.  An  unsuccess¬ 
ful  attempt  was  made  to  locate  them  In  photographs  to  find  out  what  pressure  they  withstood 
during  the  shot.  Data  on  where  floating  objects  were  recovered  are  fragmentary  (Table  7.5)  and 
inconclusive,  attbough  all  NOL  buoys  with  deep  gage  strings  were  found  in  the  same  general 
area.  Table  7.5  was  compiled  from  Information  submitted  by  various  patrol  and  search  ships. 

In  summary,  it  may  be  stated  that  data  from  surface  photographs,  arrival  times,  and 
aerial  mosaics  yield  a  chart  of  the  instrumentation  array  of  reasonable  configuration  and  con¬ 
sistency.  Althcnq^  means  of  checking  all  points  are  lacking,  the  locations  pf  the  electronic 
gages  given  herein  should  not  be  in  error  by  more  than  %  per  cent  in  the  region  3000  to  12,000  ft 
from  the  dorse. 
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CHAFfER  8 


RESULTS  AND  ACCURACIES. 


8.1  BALL-CRUSHER-GAGE  RESULTS  AND  CONCLUSIONS 

Tables  8.1  and  8.2  summarize  the  results.  Each  table  lists  block  number,  depth,  deforma¬ 
tion  of  each  gage  in  the  block,  slant  r.ange,  the  average  deformation  of  the  block,  and  the  peak 
pressure  calculated  from  the  average  deformation.  In  several  Instances  one  deformation  was ' 
considerably  less  than  the  other  three  deformations  from  the  same  block.  It  Is  presumed  that 
the  low  deformations  were  a  result  of  gage  leakage  before  the  shot.  .The  low  defor  -“‘Ion  was 
discarded,  and  the  average  deformation  was  calcul.ated  from  the  remaining  three. 

In  Figs.  8.1  and  8.2  the  ball-crusher  peak  pressures  are  plotted  against  depth  nese 
plots  show  a  large  scatter  In  the  peak  pressures  near  the  surface.  The  cause  of  this  scatter  Is 
not  known.  Between  the  400-  and  700-ft  depths  both  positions  showed  significantly  high  peak 
pressures.  The  electronic  gage  results  also  showed  trends  to  higher  pressures  at  these 
depths.  These  higher  peak  pressures  were  probably  due  to  refraction  of  the  shock  uuve  by  a 
cold-water  layer  (see  Sec.  9.8). 

Peak  pressures  from  the  %-ln.  gages  were  consistently  higher  than  those  from  the  Vm-Ih. 
gages.  Ball-crusher  gages  have  always  shown  this  discrepancy  In  the  region  of  pressure  where 
the  two  sizes  overlap.  The  discrepancy  was  probably  due  to  the  fact  that  the  calibration  curves 
of  the  copper  spheres  were  not  absolutely  linear. 

There  was  no  systematic  trend  of  peak  pressure  with  depth  along  either  of  the  gage  sitings 
except  that  attributed  to  refraction  (see  Sec.  9.8).  Any  Increase  In  peak  pressure  due  to  a  de¬ 
crease  in  slant  range  from  the  top  to  the  bottom  of  the  string  would  have  been  too  small  to  be 
indicated  bf  the  gages.  The  ball-crusher  peak  pressures  agreed  fairly  well  with  the  peak  pres¬ 
sures  from  the  electronic  gages. 

The  method  of  waterproofing  was  satlsfaclbry.  Only  about  4  per  cent  of  the  gages  that  were 
recovered  had  le.iked.  The  general  agreement  of  ball-crusher  peak  pressures  with  electronic 
gage  results  and  the  lack  of  any  trend  of  ball-crusher  peak  pressures  with  depth  indicated  that 
the  correction  for  hydrostatic  loading  was  satisfactory. 

Mooring  of  the  g.ige  strings  could  have  been  improved  for  those  gage  strings  hung  from 
flotation  buoys  by  modeling  the  ball-crusher  rig  after  the  mooring  system  used  on  the  mechani¬ 
cal  pressure-time  gages. 


8.2  MECHANICAL  PRESSURE -TIME  GAGE  RESULIS 


3.2.1  Record  Interpretation 

A  photograph  of  a  typical  » •  cord  as  it  appears  on  the  drum  is  shown  In  Fig.  8.3.  The  lowest 
irace  was  tlie  timing  trace.  The  record  started  at  the  left  by  closing  of  the  blast  switch  and 

(Text  continues  on  page  173.) 
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Table  8.1 -BALL-CRUSHER  DEFORMATIONS  AND  PEAK 


Table  8.1 — (Continued) 


Block 

Depth 

(fty 

Slant 

Range 

(ft) 

Deformations 
(ln.>  ■ 

Avg.  Def. 
(in.) 

Cpsij 

1152* 

245 

8053 

.0097 

.0091 

.0093 

621 

.0089 

,0094 

1132 

235 

8055 

.0194 

.0216 

.0208 

572 

.0207 

.0215 

1139 

225 

8057 

.0211 

.0218 

.0212 

586 

.0121** 

,0208 

1169 

215 

8060 

.0206 

.0201 

-  .0208 

576 

.0214 

,0209 

1196 

205 

8062 

.0202 

.0168 

.0201 

557 

.0210 

.0205 

237 

195 

8064- 

.0204 

,0200 

.0212 

592 

.0135** 

,0234 

No  No.* 

185 

8066 

.0087 

.0062 

.0088 

596 

.0086 

,0096 

lllfS 

175 

8068 

.0199 

,0199 

.0202 

565 

.0208 

.0152’« 

1160 

165 

8071 

.0198 

,0200 

.0197 

552 

.0190 

.0190 

253 

155 

8073 

.0213 

.0185 

.0199 

560 

.0200 

,0198 

25 

145 

8076 

.0195 

,0205 

.0202  . 

571 

• 

.0201 

.0208 

1156* 

135 

8078 

.0100 

.0090 

.0096 

662 

.0090 

,0105 

1235 

125 

8080 

.0230 

.0232 

.0240 

687 

.0236 

,0264 

• 

1221 

115 

8083 

.0234 

,0215 

.0223 

639 

.0227 

.0215 

172 

105 

8085 

.0217 

,0205 

.0209 

559 

.0205 

,0209 

1147 

95 

8087 

.0201 

.0200 

.0209 

601 

.0205 

,0231 

1226 

85 

8090 

.0210 

,0161 

.0188 

540 

.0170 

,0212 

1237* 

75 

8092 

.0101 

,0102 

.0099 

895 

.0092 

,0099 

*  3/8"inch  gage 

**  Deformation  is  low  -  This  value  was  not  used  in  computing 

average . 
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Table  8.1 — (Continued) 


Block 

Depth 

(ft) 

Slant 

Range 

(ft) 

^formations 

Un.) 

Avg.  Def. 
(ia.) 

Ml 

EH 

1050 

65 

8094 

.0177 

.0215 

.0142** 

.0204 

.0199 

577 

1165 

.^5 

8097 

.0184 

.0178 

.0179 

.0196 

.0184 

535 

1101 

45 

8100 

.0166 

.0189 

.0185 

.0182 

.0181 

528 

1136 

35 

8102 

.0211 

.0202 

.0199 

.0238 

.0212 

622 

1150 

25 

8io4  , 

.0202 

.0196 

.0190 

.0208 

■  .0199 

589 

1234 

15 

8107 

.0160 

.0178 

.0188 

.0196 

.0180 

533 

18 

5 

8109 

.0129 

.0126 

.0127 

.0120 

.0125 

370 

1142 

5 

8109 

.0l40 

.0165 

.0161 

.0161 

.0157- 

465 

■*  3/8-in.  gage 

**  Deformation  is  low  -  This  value  was  not  used  in  computing 
average . 
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TSWe  8.2— BALL-CRUSHER  DEFORMATIONS  AND  PEAK 
PRESSURES  FROM  YFNB-29 


Block 

Depth 

(ft) 

Deformations 

(In.) 

Adv.  Def. 
(in.) 

^max  (Pi) 
(psi) 

332 

1062 

10,911 

.0217 

.0215 

.0219 

.0220 

.0218 

•  459  . 

II3I- 

1952 

10,916 

.0219 

.0225 

.0220 

.0211 

.0219 

471 

115a 

':903 

10,921 

.0210 

.0206 

.0215 

.0209 

.0210 

•^54 

IlfiT 

f853 

10,926" 

.0208 

.0207 

.0207 

,0219 

.0210 

463 

laOT 

2204 

i 

10,931 

.0036** 

,0210 

.0205 

.0209 

.0208 

467 

IITIP 

r/X54 

1 

10,937 

.0091 

.0100 

.00-95 

,0101 

.0097 

560 

1130 

|TP55 

10,942 

.0218 

.0233 

.0221 

.0226 

.0226 

538 

1116 

^5555 

10,948 

.0209 

.0215 

.0218 

.0218 

.0215 

514 

1231 

;e»S5 

< 

10,954 

.0299 

.0107**  • 

.0289 

.0305 

.0298 

769 

»  3/8-iai.. .gages 

*♦.  Defori&^on  is  low  -  This  value  vas  not  used  in  computing 


,  average*. 
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Table  8.2 — (Continued) 


Block 

HSi 

Slant 

Range 

(ft) 

,Defor.Tatlon8 

(in.) 

Adv.  Def. 
Un.) 

^max  (p.) 
(Psi) 

1138 

556 

■ 

10,960 

.0249 

.0258 

.0268 

.0257 

.0258 

660 

1163 

508 

10,967 

.0178 

.0187 

'»59 

• 

.0191 

.0196 

.0162 

■ 

.  •  . 

1187* 

CO 

10,97»» 

.0083  . 

.0082 

.0060 

,0087 

.6083 

511 

1151 

no8 

10,981 

.0172 

.0166 

.0160 

.0177 

.0169 

424 

loUl 

35Q 

10,969 

.0149 

.0027** 

.0148 

.0156 

.0151 

360 

1113 

309 

10,996 

.0156 

.0165 

.0157 

.014? 

.0157 

4o8 

1 

259 

11,004 

.0150 

.0144 

.0149 

.0154 

.0149 

393 

*  3/8-ln.  Bases 

«  Defoncation  is  low  -  This  value  vua  not  used  in  computing 


average. 


PEAK  PRESSURE  (PSD 


Fig,  8.1 — Ball-crusher  peak  pressure  vs  depth,  YFNB-13. 
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Fig.  8.3-“Typlc*l  roech»alc*l  prettuie*Ume  g»ge  record. 
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traveled  for  approxiorttely  80  msec  before  shock  arrival  started  the  liminK  reed.  This  oscil¬ 
lation  (20  msec  per  cycle)  gradaaQy  decayed  for  about  530  msec,  at  which  time  thediming 
trace  shows  that  the  gages  were  shocked  by  something,  perhaps  by  a  tug  of  the  cable,  sir.ee  no 
signifleant  pressure  appeared  oa  the  pressure  trace  at  that  time.  About  120  msec  later  the 
gage  was  struck  by  the  peak  of  the  cavitation  pulse. 

The  timing  trace  then  gradually  decayed  until  it  was  again  shocked  by  the  first  bubble 
pulse  and  by  following  shocks.  These  oscillations  could  be  counted  over  much  of  the  record 
and  provided  a  reasonably  accurate  time  measurement. 

There  was  considerable  harmonic  distortion  in  the  timing  trace  at  the  time  of  heavy  shock. 
This  made  It  impossible  to  determine  the  speed  regufaffon,  using  the  timing  trace,  for  periods 
shorter  than  1  cycle  or  20  msec.  Some  information  could  be  obtained,  however,  from  the  pres? 
sure  trace,  especially  if  the  pressure  wave  shape  was  assumed  to  be  knouu  a  priori. 

The  pressure  trace  showed  at  coaventional  water  shock  wave.  The  distortion  on  the 
pressure -decay  trace  was  probably  caused  by  high-frequency  speed  variations  originating  with 
the  escapement  and  amplified  by  axial  play  of  the  worm  shaft.  The  double  base  line  to  the  left 
of  the  pressure  rise  Is  a  measure  of  friclioh  in  this  gage.  There  was  more  friction  in  this 
particular  gage  than  In  any  other.  The  usual  amount  was  one  line  width.  After  the  pressure 
decayed,  the  lower  lino  showed  the  pressure  cutoff  by  cavitation.  This  gage,  being  at  the  100-ft 
depth,  showed  about  44  plus  IS  psi,  or  S9  psi,  below  hydrostatic  pressure  until  the  cavitation 
closed  and  created  a.^sitive  pressure  pul.se.  The  pressure  signals  after  the  cavl'.atlon  pulse 
were  bottom  reflections  and  second  or  third  bubble  pulses,  which  occurred  much  later  and 
showed  up  on  this  part  of  the  record  because  the  drum  revolved  for  2*/j  revolutions.  The  first 
bubble  did  not  occur  on  the  part  ot  the  record  shown  in  this  photograph. 

8.2.2  Timing  Calibration 

After  the  operation  a  preliminary  cainsraiion  of  each  timing  reed  was  made  at  San  Diego 
with  a  Strobotac.  The  frequencies  obtained  were  accurate  to  2  per  cent. 

Subsequent  to  this,  each  timing  reed  was  again  calibrated,  this  time  at  NOL,  by  recording 
on  the  drum,  for  comparison,  a  trace  made  by  a  phonograph  cutter-head  stylus.  The  head  was 
driven  by  a  tuning  fork.  The  clock  motor  was  replaced  by  an  electric  motor  to  give  higher 
drum  speeds  and  resolution.  By  this  means  the  reed  frequency  was  determined  to  wllhln  0.1 
per  cent.  An  unsuccessful  effort  was  made  to  improve  the  reading  ot  the  timing  signal  during 
the  shock  phase  by  a  study  of  the  harmonic  distortion  of  the  reed. 

The  net  result  of  this  calibratiow  was  that  the  time  could  be  read  with  a  precision  of  1  part  ' 
in  1000  only  if  no  shock  was  present  during  that  time  and  if  the  timing  trace  was  continuous  for 
over  100  cycles.  Shock  tests  indicated  that,  although  shock  caused  a  phase  shift  in  the  timing 
reed,  time  could  be  determined  to  within  S  msec  at  each  shock.  This  error,  of  course,  could 
accumulate  if  there  were  several  skocks. 

8.2.3  Pressure  Calibration 

.After  the  Operation  each  gage  was  statically  calibrated  twice,  once  before  removal  of  the 
sensing  clement  from  its  recorder  and  once  after  removal.  In  general,  these  calibrations 
showed  linearity  and  lack  of  friction  of  the  same  excellence  as  that  which  existed  before  the 
shot. 

After  its  return  to  NOL,  each  elerocat  was  dynamically  tested  to  determlr.o  the  degree  of 
damping.  Previous  v/ork  had  been  limited  to  only  a  few  elements. 

The  dynamic  calibration  pulse  was  obtained  by  using  one  to  three  ND  24  detonators  in  the 
e.xp1oslon  chamber  described  in  Chap.  3.  The  pulse  was  characterized  by  a  rise  time  of  '/u 
msec  and  an  e.xponentlal  decay  of  about  20 per  cent  in  2  msec. 

From  these  tests  it  was  found  that,  although  some  were  properly  damped,  most  of  the 
dements  were  rather  seriously  underdamped.  Figure  8.4  shows  typical  records.  Measurements 
were  m.ade  on  all  g.iges  which  were  still  operable  (about  18  out  of  26)  to  obtain  the  amount  of 
overshoot  of  each  stylus. 
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ELEMENT  NO.  34  -  UNDERDAMPED 
NATURAL  FREQUENCY  ABOUT  1000  CPS 
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A  dynamic  pressure  calibration  was  then  made  on  the  element  for  the  50-  and  SOO-ft 
gages  of  buoy  string  No.  1.  This  could  not  be  done  on  the  100-  and  300-ft  gages  because  oC 
leaks  which  developed  after  the  shot.  Because  each  calibration  took  about  tuo  weeks,  it  was 
considered  to  be  warranted  only  on  the  gages  of  string  No.  1  since  this  string  was  located  is 
a  region  where  no  other  pressure  gages  were. 

The  dynamic  calibration  pulse  was  obtained  using  ND  24  detonators  in  a  pressure  chamber 
as  before,  but  this  time  much  effort  was  spent  on  the  electronic  recording  to  ensure  apreclselj- 
calibrated  record  (Fig.  8.5)  from  the  strain  gage.  The  two  dynamic  calibration  curves  obtained 
are  shown  in  Figs.  8.6  and  8.7. 

The  curves  showed  that  dynamic  sensitlvtly  was  lower  than  statfc  sensiffvffy  by  about  lOf 
per  cent.  The  reason  for  this  was  unknown  but  was  believed  to  arise  from  hysteresis  of  the. 
Wlancko  twisted-tube  part  of  the  sensing  element. 

No  tests  were  made  to  determine  the  duration  of  this  apparent  hysteresis..  This  meant  that 
the  dynamic  curve  could  only  be  used  with  confidence  for  step  pressures.  The  amount  that  the 
hysteresis  changed  during  the  time  from  pressure  rise  to  cutoff  may  have  been  anything  from 
0  to  10  per  cent  of  the  pressure;  therefore  the  cutoff  pressures  could  not  be  measured  so  well " 
as  pressure  rises. 

8.2.4  Buoy  String  No.  1 

Records  were  obtained  from  the  five  uppermost  gages.  The  750-  and  1000-R  gages  were 
lost  for  some  unknown  reason.  The  50-,  100-,  300-,  and  500-ft  gages  gave  pressure-time 
records.  Both  blast  switches  operated  properly.  The  200-ft  gage  ran  prematurely  and  yielded 
only  a  peak -pressure  record.  Figures  8.8  to  8.10  show  photographic  prints  of  the  principal 
shock,  the  cavitation  pulse,  and  the  first  bubble  pulse  on  each  gage.  There  were  many  other 
pulses  on  the  record  which  are  not  presented  here.  Pressure  and  time  data  arc  given  in 
Tables  8.3,  8.5,  and  8.b.  No  results  are  given  for  the  YFNB-12  (Table  8.4)  because  tlie  string 
was  not  lowered. 

Pressure  values  based  on  dynamic  calibration  curves  were  obtained  for  the  50-  and  500-fl 
gages.  For  the  100-,  200-,  and  300-ft  gages,  all  pressures  were  based  on  the  static  calibration 
curve  for  each  gage  and  increased  10  per  cent. 

Of  course,  the  validity  of  the  assumption  that  the  results  of  tests  on  two  gages  applied  to 
all  others  was  questionable;  however,  this  was  considered  to  be  a  justifiable  attempt  to  get  the 
most  accurate  data  from  the  records. 

Peak  pressures  were  obtained  from  the  records  by  replolting  the  curves  on  semilog  paper 
so  that  the  exponential  decay  showed  up  as  a  straight  line.  Values  of  0  wore  obtained  by  noting 
the  time  at  which  the  pressure  had  dropped  to  1/e  of  its  peak. 

The  estimated  cver-ai!  accuracy  of  pressure  measurements  was  12  per  cent. 

Positive  durations  (U)*  were  obtained  as  follows: 

1.  The  displacement  of  the  drum  was  measured  lor  several  cycles  of  the  timing  trace 
which  were  made  at  the  time  of  tho  shock  pulse. 

2.  An  average  speed  of  the  drum  was  determined. 

3.  The  displacement  of  on  the  pressure  trace  was  measured  and  then  divided  by  the 
average  drum  speed  to  obtain  the  duration. 

Values  of  tj  were  believed  to  be  correct  within  3  msec. 

Photographs  of  the  principal  shock.  Fig.  8.8,  showed  a  repeating  step  effect  on  the  pressure 
decay.  This  may  have  been  caused  by  the  stop-and-go  action  of  the  escapement-controlled 
motor.  A  similar  effect  was  noticed  in  calibration  work,  but  the  number  of  steps  which  showed 
up  during  the  decay  cannot  be  determined  sufficiently  to  check  the  positive  duration.  From  the 
appearance  of  the  record,  there  seemed  to  be  a  noticeable  variation  in  speed,  which  might  have 
been  partly  caused  by  worm-shaft  play.  This  should  have  averaged  oat  for  the  longer  pulses  so 
that  this  error  would  not  be  e.xpectcd  to  accumulate. 

(Text  continues  on  page  185.) 


•Such  quantities  are  listed  in  the  data  tables  and  are  illustrated  in  Fig.  8.12. 
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Table  3.3— MECHANICAL  PRESSURE-TIME  GAGE  RESULTS  (BUOTSnUNCai 
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40 

17 
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50 
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32 

45 
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33 

29 
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34 

21 
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36 

28 
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500 
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20 
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39 

22 
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1000 
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—  190  12  W 

—  180  21  12 
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No. 
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No. 
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Range 
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Slant 

Range 

(ft) 
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Range 

(ft) 

4 

49 
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50 
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13 

18 
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3460 
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26 

50 
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27 

19 
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3360 
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28 

27 
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3270 
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40 

17 
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50 
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32 

45 
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33 

29 
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36 

23 
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20 
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39 

22 
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8450 
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Foot  Ga^  I 
Notas  Ko.  I  Depth 


Slant  I  Horiz 


_ _  Pressnrea  in  pel  (  j) 

Pol  Fl  I  P2  I  r3  I  PA  I  PS  1  P6  I  Pi 


920  eos  -zt  — 

365  —  — 
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922  —  —  255 

9C5  462  -80  99 

910  —  —  116 

86  855  652  -93  105 

79  855  682  -106  152 

126  873  316  -162  — 

—  —  129 


185  I  -216 
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Avcraga  for  1CX30  ft  gages  (PE  snd  cometed  Vlancko)  Pj  *  951  - 

a*  Channels  haying  a  coimion  Indicating  nark  ware  recorded  from  the  sac#  gage* 

b.  Channels  •••  ■  »»  m  w  m  m  m 

c.  Channels  »»»  •  »e  *•■■■ 

d.  Records  conpensated  for  drag-out. 

e.  Data  reworked  wd  extrapolated  to  t  a  0  vith  0  n  35 
h.  Bad  Calibration 

I.  Too  High  Cain 

J.  Vflancko  corrected  pressures,  sea  Secticn  9.2  and  Tables  SJ,  6.1,  6.2,  and  6.3, 
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1396  56  - 
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66  36.2  _  _  __ 
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61  1669  56  3955  _  _  _ 

1152  61.5  —  —  3965  69.5  5815  6055 

1152  60  1667  56  3957  69.6  —  — 

1128  127.5  —  —  _  _  _  5762 

1129  127.6  1566  ?7.5  3936  106.5  5728  5965 

1129  127.6  —  _  3961  105.5  —  5936 

1129  127.5  1566  83  3932  106  —  5926 


Average  fer  1000  ft  gages  (PB  and  corrected  Vlancko}  Pj  =  951 

a.  Charnels  havlr^  a  conren  Indicating  nark  were  recorded  froc  the  sans  gage. 

b.  Channels  ■  as  »  m  m  a  '  m 

c.  Channels  *  am  a  mama 

d.  Records  conpensated  for  drag-out. 

e.  Data  reworked  and  extrapolated  to  t  s  0  vllh  0  k  35 
h.  Bad  Calibration 

1.  Too  High  Gain 

f.  ^s  =  ^1  "  '^*re  tj,  r  13  csec  t,  =  shock  travel  tin* 
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Averaga  for  lOCO  ft  gages  (PE  an4  corrected  Vlancko)  Pj  s  951 

a.  Channels  having  a  comon  Indicating  iXtrk  were  reccrdeil  from  the  tinms  gage* 

b.  Channels  ^  »•  n  «Hea 

c.  Channels  ■"  •••  «  sees 

d.  Records  coiupensated  for  drag-out. 

e.  Data  reworked  and  extrapolated  to  t  m  0  vith  0  >•  35 

h.  Bad  Calibration 

i.  Too  High  Gain 


Tices  are  in  msec 


Gage 
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Depth 
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25 
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25 
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25 
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50 
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18209 
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623 

1000 

623 

ICOO 

893 
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(f 


—  —  ~  1168 
—  ~  1168 

—  215  —  1168 

—  215  —  1166 

—  219  12.6  1164 

—  -  -  1157 

—  244  24.5  1157 

—  244  24  U58 

2810  244  23.9  U57 

244  24.1  1157 

—  —  36.2  1151 

2801  315  50  1141 


59  1  2813 


24  1139 


49  1  2805  315  27.5  1139 

2818  —  35  1115 

2807  437  —  U16 

,  2812  —  30  1116 

8  2803  437  30  1116 


Average  for  1000  ft  gages  (PE  ani  corrected  Uiaccko)  Pj  =  951 

a.  Charnels  having  a  conccn  indicating  carle  were  recorded  froa  the  sams  gaga 

b.  Channels  »»»  >  ■■  a  >«es 

c.  Chaisiels  •••  ■  •»  ■ 

d.  P^cords  compensated  for  drag-out, 

e.  Data  reworked  and  extrapolated  to  t  =  0  vitli  S>  =  35 


t,  =  tl-to 


13  msec  t,  B  shsclc  travel  tims 


g.  t^  =  Ties  to  whl:})  0  vas  measured 

h.  Bail  Calibration 
1.  Too  High  Gain 
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8.4 — (Contihu 


Gage 
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Head  So, 
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Cage 

tJo. 

Depth 

PE 

E-a 

e,  d 

1067 

25 

PE 

r-1 

c,  h 

891 

25 

PE 

F-7 

• 

891 

25 

PE 

E-3 

d 

1026 

50 

PE  . 

F-a 

d 

1029 

100 

PE. 

w. 

a,  h 

823 

200 

PE 

E-7 

■» 

823 

200 

PE 

F-3 

d 

1031 

200 

W 

E-1 

18206 

200 

H 

r-4 

13196 

200 

W 

E-d 

18207 

300 

PE 

F-5 

825 

500 

W 

E-10 

18209 

500 

vr 

F-9 

18212 

500 

PE 

E-5 

b,  d 

623 

1000 

PE 

E-9 

b.  1 

623 

1000 

PE 

F-8 

d 

893 

1000 

W 

F-10 

13213 

1 

1000  . 

Slant  I  Hcriz, 


'*82 


'•83 


mm 

■Ql 

_ 

— 

n 

— 

— 

— 

“ 

33.6 

— 

— 

34 

... 

... 

36.2 

...we 

4948 

5433 

37.2 

— 

•e. 

37.1 

... 

35-6 

19,8 

1980 

5V.8 

33.5 

27.9 

2820 

4903 

5U1 

32.5 

27.2 

2670 

5458 

32.5 

27.5 

2870 

4634 

5487 

33.9 

31.8 

2640 

4836 

5466 

4805 

5472 

32.5 

32.6 

2717 

4795 

5479 

42.2 

35,2 

2735 

59W 

59W 

5940 

5930 

5915 

3880 

5880 

5830 

5880 

5330 

5845 

5780 

5780 

5780 

5650 

5650 

5650 

5650 


5600 

5600 

5600 

5600 

5600 

5600 

5600 

5600 

5600 

5600 

5590 

5585 

5585 

5585 

5560 

5560 

5560 

5560 


CTOO 


1900 


Avw.ago  tor  1000  ft  g  iges  (PE  and  corrected  Wlancko)  Pj^  =  951,  6  ■  35»8,  1  «  )hP;  (K)  E 

a.  Channels  having  a  corimon  Indicating  mark  were  recorded  from  the  same  gage, 

b.  Channels  •••  »  n.  n  ■  a  ,HR> 

c.  Channels  •  ae  n  niiiiit 

d.  Records  coc9araated  for  drag-out, 

a.  Data  reworked  and  extrapolated  to  t  •  0  with  8  »  35 

h.  Bad  Calibratioo 

i.  Too  Hi^  Gain 

k,  Ceomtrical  average 
Average  for  all  gages  0  s  34,1 


2697 


Bubble  periods  were  obtained  by  counting  cycles  of  the  timing  reed,  which  fortunately  was 
sufficiently  excited  (or  the  necessary  lime  by  action  of  the  cavitation  closure  pulse.  The  accu¬ 
racy  of  these  measurements  was  bctlevwt  to  be  t  '4  per  cent. 

There  were  several  other  pulses  on  Ihe  records  which  were  not  presented  or  measured 
for  lids  report.  These  records  will  be  available  for  further  analysts  if  this  should  become 
necessaiT* 


8.?..5  Buoy  String  No.  2 

Good  pressure-time  records  were  obtained  from  three  gages.  The  remaining  four  failed 
to  start  because  the  blast-switch  cable  was  accidentally  cut  during  installation  by  the  screws 
of  the  USS  Bolster.  Thece  gages  yielded  peak  pressure  only. 

All  pressures  were  obtained  from  the  static  calibration  curves  and  thC7i  Increased  by  10 
per  cent.  Pressure-time  records  at  50-,  300-,  and  750-tt  depths  were  replotted  on  semllog 
paper  to  obtain  peak-pressure  values  as  was  done  for  string  No.  1.  The  estimated  accuracy 
was  12  per  cent.  Peak  pressures  from  the  remaining  gages  were  obtained  by  applying  the 
overshoot  factor  measured  as  described  In  Sec.  8.2.3.  The  estlniateti  accuracy  was  15  per 
cent. 

Positive  durations  (tj)  were  obtained  as  before.  The  300-ft  measurement  was  somewhat 
uncertain  and  may  have  been  anywhere  from  16  to  24  msec.  The  other  values  were  bpllevcd  to 
be  correct  within  3  ms^^c. 

Bubble-period  measurements  for  all  three  gages  were  poor  because  of  cJl/jcontinuous 
timing  trace.  The  reeds  were  quiet  for  up  to  50  per  cent  of  the  records  becainsn  of  the  absence 
of  any  sizable  cavitation  pulse.  To  obtain  timing  values,  it  v/as  necessary  to  entlmate  the  speed 


(Text  conllnues  on  page  195.) 
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of  the  drum  during  the  period  iriien  the  reed  was  still.  However,  measurements  from  periods 
wbeg-the  reed  was  mosdng  showe*  Hwt  ttery  waarr  considerahfe  varfatlbn  in  drum  speed,  and 
thus  the  use  of  an  aver:^  was  imreUable.  The  values  recorded,  therefore,  represent  the 
means  between  maximum  and  ndaiimro  readings  and  have  a  spread  of  400  msec. 

This  doubt  might  have  been  resolved  and  the  errors  reduced  I9  a  speed-time  calibration 
for  each  gage  since  it  was  likeij  Oat  the  speed  changes  would  have  been  reproducible.  This 
work  was  not  undertaken  since  there  were  excellent  timing  results  obtained  from  the  electronic 
gages  on  the  TFNB's. 

There  were  several  other  poises  on  the  records  which  were  not  measured  of  presented. 

8.2.6  Location  of  Bupy^  Strings 

As  discussed  In  Chap.  7.  the  location  of  buoy  string  No.  1  was  determined  from  photographs 
taken  Vt  hr  before  shot  time.  Buoy  string  No.  2  could  not  be  found  in  the  photographs  and  there¬ 
fore  must  have  broken  free  before  flte  photographs  were  taken.  It  was  also  possible  that  buoy 
string  No.  1  broke  free  during  the  last  V]  hr  before  the  shot. 

An  independent  check  on  position  was  made  by  replotting  Brockhurst's  predicted  .curves* 
of  pulse  duration  vs  range  in  Fig.  8Jil.  Measured  values  from  NOL  electronic  results  on  the 
TFNB's  are  also  shown  fw  comparison.  In  general,  the  measured  durations  from  the  electronic 
gages  were  a  little  longer  at  a  given  distanc'-  than  Brockhurst’s.  The  NOL  curves  were  extrap¬ 
olated  to  the  buoy  string  No.  1  position.  This  was  quite  risky,  and  not  much  faith  was  put  in  it. 
The  curves  at  300  and  750  ft  were  interpolated. 

The  values  of  tj  measured  by  the  mechanical  pressure-time  gages  were  then  located  on  the 
NOL  data  curves,  ^e  best  v^ue  for  buoy  string  No.  1  appeared  to  be  2900  ft;  the  best  value 
for  buoy  string  No.  2  was  8700  ft.  if  a  new  set  of  curves  based  on  the  technique  of  reference  1 
and  the  actual  temperature  gradient  existing  during  Wigwam  were  available,  a  slightly  better 
determination  of  the  position  of  hupy  string  NO.  1  might  be  made. 


8.2.7  YFNBrl* 

This  string  was  not  lowered  because  of  roalbandling,  and  therefore'it  gave  no  results.  It 
was  realized  in  advance  that  even  having  the  ball  crushers  and  the  mechanical  pressure-time 
gages  on  the  same  string  would  add  to  the  lowering  difficulties.  The  addition  of  the  camera  to 
this  was  felt  to  be  quite  risky,  but  it  was  desired  to  keep  Instrument  strings  from  the  YFNB’s 
to  a  minimum  to  reduce  the  possibility  of  their  fouling  one  pother.  Because  the  unusually 
heavy  weather  required  the  string  to  be  lowered  at  ni^t  at  the  last  possible  minute,  there  was 
not  time  to  correct  the  handling  djllicalUes, 

With  1  hr  more  of  time,  the  mechanical  pressure-time  and  ball-crusher  gages  could  have 
been  lowered  from  the  YFNB-12  without  lowering  the  camera.  In  fact,. at  0600  the  first  ball 
crushers  and  mechanical  gages  were  connected  to  a  spare  lowering  line,  which  was  powered  by 
the  niggerhead  of  the  YFNB  tow  winch.  At  this  point,  power  was  secured  on  the  YFNB-12  and 
orders  were  given  to  evacuate.  Considerable  protest  was  made  to  the  commanding  officer,  and 
it  was  pointed  out  that,  by  changing  the  original  0800  evacuation  time,  many  valuable  data 
would  be  lost.  Nevertheless,  the  order  remained,  and  the  scientists  were  herded  off  the  vessel 
at  0630,  S  hr  before  shot  time.  On  the  TFNB-13  the  evacuation  was  made  at  0900. 

8.2.8  YFNB-IJ 

This  string  yielded  six  pressure-Ume  records.  Unfortunately,  the  gages  at  the  300- ,  500- , 
750-,  aixl  lOOO-ft  depths  all  started  after  shock  arrival  b>'  IS  to  45  msec.  TIic  300-,  500-,  and 
lOOO'ft  gages  were  connected  to  the  EGAG  relay  that  was  set  to  close  at  zero  time;  this  would 
have  given  almost  2  sec  of  running  before  shock  arrival.  The  reason  for  this  electrical  failure 
is  unknown. 

The  750-ft  gage  was  connected  to  a  blast  switch  at  the  300-ft  depth,  and  therefore  it  was 
expected  to  start  late  if  the  shock  front  reached  the  750-ft  depth  ahead  of  the  300-ft  depth. 

This  may  have  happened,  since  the  pressures  were  considerably  higher  at  750  ft  than  at  300  ft. 
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X  EXPERIMENTAL  VALUES  FROM  PE 
AND  WIANCKO  GAGES 


coNFmimi 

and  100-ft  gages  were 


The  values  for  P|  and  p»  for  the  50-  and  100-ft  gages  were  Stained  from  the  pressure- 
time  curves  ar.d  the  static  calibration  curves  with  a  10  per  cent  dynamic  correction  added,  as 
was  explained  previously.  For  the  750-lt  gage  the  percentage  overshoot  was  obtained  from 
bubble-pulse  record,  which  was  very  clear,  and  was  applied  to  the  maximum  displacement  of 
the  stylus  to  obtain  a  peak  pressure  to  which  was  added  tne  dynamic  correction.  No  calibratioa 
was  made  on  this  element  because  of  corrosion  damage. 

Peak  pressures  for  the  300-,  500-,  and  1000-ft  gages  were  obtained  by  reconstructing  Uie 
record  on  semilog  paper  in  such  a  position  that  the  cutoff  (t2)  was  as  recorded  by  electronic 
gages  on  the  YFNB-13.  The  slope  of  the  pressure-decay  curve  was  then  extrapolated  to  zero 
time  and  read  for  peak  pressure.  Then  the  dynamic  eomcOoir  was  added  as  for  other  gages. 
Cutoff  pressure  values  were  also  Increased  by  10  per  cent.  This  method  seemed  satisfactory 
for  the  300-  and  500-ft  gages  which  were  not  delayed  much  in  starting;  however,  there  was  so 
much  latitude  in  extrapolating  the  curve  for  the  1000-ft  gage  that  results  from  the  latter  might 
be  as  much  as  20  per  cent  off.  The  other  pressure  values  were  believed  to  be  within  12  per 
cent  of  the  true  value. 

Bubble  periods  (Ibi,  toj,  and  Ibj;  or  tj  -t,  in  the  case  of  mechanical  pressure-time  gages) 
were  determined  by  counting  timing-reed  cycles  on  the  records  from  the  50-,  fOO-,  and  750-ft- 
depth  gages;  on  records  from  the  other  gages  the  periods  were  determined  by  a  combination  of 
counting  cycles  and  estimating  speed  when  the  reed  was  still.  The  values  for  the  former  were 
believed  to  be  accurate  to  within  40  msec.  The  values  for  the  latter  could  be  off  as  much  as 
top  msec. 

There  were  several  other  pulses,  evident  on  all  the  records  from  this  string,  which  were 
quite  distinct  and  which  might  be  compared  '.yith  those  from  electronic  gages.  Such  a  comparison 
was  considered  unnecessary  for  this  report. 


8.2.9  YFNB-29 

Seven  peak-pressure  records  were  obtained  from  this  location.  None  of  the  gages 
operated  to  give  pressure-time  records  because  of  electrical  failure,  probably  in  the  splices 
in  the  cable.  The  blast-switch  and  explosive  triggers  were  tested  after  recovery  and  found 
satisfactory.  Testing  of  the  EG&G  relay  system  was  not  possible,  and  testing  of  the  cable 
continuity  after  lowering  was  not  practicable  for  lack  oi  time.  The  molded  rubber  covering  of 
one  of  the  splices  was  found  damaged.  This  was  probably  caused  by  air  pressure  leaking  from 
one  of  the  gages  through  the  stuffing  gland  and  up  into  the  cable,  where  it  probably  blew  up  the 
splice  cover  like  a  balloon.  The  fact  that  the  charging  pressure  of  600  psl  had  all  leaked  out  of 
the  50-ft  gage  supports  this  theory. 

The  elements  of  the  SO-,  100-,  200-,  300-,  and  500-ft  gages  were  tested  with  the  expiosiua 
chamber  to  determine  the  degree  of  overshoot.  The  peak  deflection  was  corrected  by  this 
factor  before  obtaining  a  pressure  from  the  static  calibration  curve.  It  was  not  possible  to  test 
the  750-  and  1000-ft  gages  in  this  manner.  These  pressure  values,  therefore,  were  not  cor¬ 
rected  for  overshoot.  All  values  obtained  were  believed  to  be  accurate  to  ±15  per  cent. 

8.2.10  Conclusions 

Although  there  wore  many  casualties  due  to  heavy  weather  and  development  was  incom¬ 
plete,  the  results  showed  that  the  mechanical  pressure-time  gages  actually  accomplished  the 
purpose  tor  which  they  were  designed,  i.e.,  to  back  up  electronic  instrumentation.  A  great 
deal  of  interesting  and  useful  Information  was  obtained  by  buoy  string  No.  1,  which  became 
especially  valuable  because  of  the  failure  of  other  systems  in  the  region  between  the  YFNB-13 
and  the  YC-976. 

No  small  credit  for  the  success  of  this  string  was  due  to  the  metliod  used  for  attaching  the 
string  to  the  towUne.  There  was  evidence  that  the  solid-wooden-buoy  design  was  much  superior 
to  cither  the  steei-buoy  or  rubber-buoy  design.  The  150-fl  spar  showed  itself  to  be  quite  sea¬ 
worthy  and  effective  in  separating  the  buoy  string  from  the  towline. 

A  great  deal  of  experience  was  obtained  in  rigging  and  handling  floating  objects  in  a  sea¬ 
way  which  is  not  reported  here.  In  general,  however,  it  was  once  again  demonstrated  that 
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laecUa  (orcea  in  a  seavra^  ara  f^reat  and  that  much  wear  and  breakage  result  If  the  design  is 
not  flexible  where  connections  are  made.  Steel  cable  or  chain  should  never  be  allowed  to  rub 
against  hard  surfaces.  Safety  and  ease  of  handling  were  greatly  improved  Iqr  the  provlsioa  at  • 
handling  lines  long  enou^  so  that  connections  could  be  made  on  the  dedc  of  the  M-boats. 

The  blast-switch  starter  system  was  fundamentally  successful.  It  was  reliable  and  fast. 
Casualties  were  principally  due  to  the  heavy  weather.  The  switch  could  have  been  packaged 
better,  however,  to  facilitate  electrical  checks.  More  care  in  rigging  the  starter  for  buoy 
string  No.  2  could  have  prevented  the  cable  from  being  cut.  In  the  case  of  the  YFNB’s,  not 
much  could  have  been  done  to  improve  the  starting  time  because  of  the  position  of  the  string. 

If  the  string  had  been  forward  on  the  vessel,  the  starter  could  have  been  aft  and  adc^piate 
starting  time  would  have  been  possible.  The  electrical  failures  were  probably  attributable  to 
the  rush  and  the  lack  of  time  to  make  continuity  checks  after  subraersioa. 

Peak -pressure  measurements  were  obtained  from  pressure-time  records  that,  la  general, 
were  believed  to  be  within  12  per  cent  of  the  correct  values,  as  indicated  by  comparison  with 
other  gage  results.  An  accuracy  of  5  per  cent  would  have  been  obtained  for  nearly  all  the 
gages  if  development  and  testing  difficulties  could  have  been  eliminated  a  little  sooner.  It 
appeared  that  this  mechanical  gage  was  capable  of  measuring  pressure  as  accurately  as  the 
Vfiancko  electronic  gage,  since  the  principal  errors  in  electronic  gage  measurement  appeared 
to  be  caused  by  mechanical  difficulties  such  as  hysteresis. 

Pressure  distortion  due  to  shock  was  small  and  caused  no  difficulty.  The  balanced  stylus 
with  bearing  support  seemed  to  work  out  fine. 

Friction  was  low,  usually  causing  not  over  one  line  width  (*4-mll  error).  The  record 
reading  accuracy  was  therefore  within  1  per  cent  for  most  values  of  peak  pressure. 

An  apparent  hysteresis  was  the  predominant  error  mechanism,  and  more  study  is  needed 
to  understand  and  eliminate  the  trouble.  This  can  be  corrected  by  dynamic  calibration  using  a 
step  pressure  pulse,  but  after  the  step  rise  the  magnitude  of  the  correction  Is  difficult  to 
measure,  especially  for  decaying  pulses. 

Pressurizing  the  gage  cases  turned  out  to  be  a  nuisance  on  this  test,  mostly  because  of  its 
effect  on  leaky  seimltig  elements  and  cable  stuffing  glands.  It  was  not  needed  because  predicted 
values  were  accurate.-  If  predictions  had  been  low  by  50  to  100  per  cent,  it  would  have  saved 
many  records.  The  sensitivity  advantage  obtained  was  of  little  value  because  of  the  apparent 
hysteresis  shown  by  the  dynamic  calibration. 

Timing-measurement  accuracies  were  not  quite  so  good  as  desired;  however,  the;/  are 
probably  satisfactory  for  cavitation  studies  and  damage  predictions,  and  in  this  regard  the 
mechanical  prcssurc-time  gage  system  was  quite  valuable.  These  measurements  may  not 
have  been  good  enough  for  confirmation  of  some  theoretical  predictions. 

The  clock  motor  was  reliable,  but  it  was  deficient  in  speed  control.  This,  however,  would 
not  have  mattered  for  long  time  measurements  if  a  self-excited  timing  reed  had  been  provided. 
Short  time  measurements  would  have  been  better  if  the  harmonics  had  been  eliminated  by  re¬ 
design  of  the  timing  reed. 

The  fact  that  the  drum  turned  2%  revolutions  caused  the  styluses  to  retrace,  which  in  turn 
caused  some  confusion  in  record  reading,  as  was  expected.  A  spiral  feed  would  have  solved 
this  but  would  have  complicated  the  design  and  introduced  more  backlash.  A  larger  drum  could' 
be  used  at  Uie  cost  of  some  increase  in  over-all  size.  A  slower  speed  would  have  reduced  the 
time  resolution.  A  compromise  was  necessary  to  obtain  12  sec  of  recording  time  and  good 
pulse-duration  resolution.  The  best  answer  would  have  been  to  reduce  the  recording-time  re¬ 
quirement  to  5  sec,  which  could  have  been  done  in  1  revolution,  and  to  use  a  -t-2-scc  EG&G 
signal  for  starting  on  the  YFNB’s. 

Recording  on  soot-coated  glass  with  a  diamond  stylus  tip  g;ive  good  legibility  and  ease  iu 
obtaining  photographic  enlargements  of  records.  Part  of  this  success  was  because  of  the  lead 
and  rubber  shock  mounts  which  performed  e.xcellently  in  reducing  the  shock  oa  the  recorder. 
Without  the  shock  mounts  some  distortion  would  have  been  introduced  because  of  chipping  of 
the  glass  under  the  stylus  tip. 

To  summarize,  the  Wigwam  test  showed  tliat  this  mechanical  pressure-time  gage  did: . 

1.  Measure  step  pressure  rises  with  an  over -all  accuracy  better  than  12  per  cent. 
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2.  Respond  to  step  pressure  pulses  in  a  little  less  than  1  josee^-iAta.  crlUcaUy  dai»ps4» 

3.  Respond  to  step  pressure  pulses  in  alxxtf  %  msec  irtth  0.7  crRScal  damping. 

4.  Measure  pulse  durations  with  a  distortiaa  ct  about  ±2  meec. 

5.  Measure  time  between  events  over  i  sec  apart  with  an  accora^of  1  per  cent  when  the 
timing  reed  was  kept  in  osciUatioa. 

S.  Produce  records  which  could  be  quickly  and  easily  read  and  reynoduced. 

7.  Operate  satisfactorily  under  condiii.ons  oC  heavy  shock  withooC.dbimage. 

In  addition,  the  experience  obtained  tuaiwed  chat,  wide  a  reas<»ablle«.mount  of  further 
development: 

1.  For  i^ort  pulses  a  time' resolution  at  %  msec  can  be  obtained  h^  increasing  the  record* 
ing  speed  by  about  eight  times  for  gages  located  near  the  surface.  In  addition,  the  escapement 
controi  can  be  eliminated  in  favor  of  a  viscous  brake,  and  the  worm-shaft  play  can  be  lessened. 

2.  Time  resolution  of  \  per  cent  for  periods  about  1  sec  long  can. be  obtained  and  made 
certain  by  using  a  cam-excited>  rotary  timing-signal  generator,  designed  to  minimize  shock- 
excited  harmonics. 

Further  development  might  also  give  better  pressure  accuracy  by  vflTtue  of  a  better 
understanding  of  the  apparent  hysteresis  effect  of  the  twisted  tube.  The  lack  of  a  proved 
standard  makes  this  work  difficult. 

The  addition  of  an  oscillator-driven  aagneUc  stylus  might  improve  (he  timing  resolution 
for  short  pulses. 

In  conclusion,  this  backup  system,  consisting  of  mechanical  recorders,  blast  switches, 
wooden  buoys,  and  ISO-ft  spars,  was  successful  in  obtaining  reasonably  accurate  data  imder 
severe  weather  diitlculUes. 


8.3  ELECTRONIC  PRESSURE-TIME  GAGE  RESULTS 


8.3.1  Use  of  Wlancko  Gages  on  Wigwam 

Thirty-two  Wlancko  gages  were  set  in  the  water  on  Operation  Wigwamat  depths  of  200, 
300,  500,  and  1000  ft  at  recording  stations  0-1, 0-2,yFNB-12,  YFMB-13„and  yFNB-29  and 
at  the  100-ft  depth  on  the  latter  two  stations.  The  pressure  rating  of  the  gstges  used  at  each  of 
the  above  locations  was  determined  by  the  hydrostatic  pressure  and  the  prvscHcted  values  of  the 
shock-wave  peak  pressure,  with  the  result  that  the  actual  total,  pressure  om  fhe  gages  was 
between  60  and  100  per  cent  of  the  pressure  rating  of  the  gr^es.  No  perfwxnance  data  on  the 
gages  on  stations  0-1  and  0-2  were  obtained  since  Ihe  recor-Ilng  equipment  did  not  operate  and 
the  gages  were  never  recovered.  However,  all  gages  were  operating  satis&ictorlly  at  the  last 
check  made  before  setting  the  gages  into  the  water  a  few  days  before  shot  tUlme.  Pressure- 
time  records  were  obtained  on  21  of  the  22  gages  used  on  the  three  YFWB' stations,  and  a  direct 
comparison  of  results  with  tourmaline  gages  was  obtained  at  depths  of  200^,  500,  and  1000  ft. 

8.3.2  Comparison  of  Peak  Pressures  from  Wiancko  and  Tourmaline  Gages 

An  idealized  sketch  of  a  Wigwam  pressure-time  record  showing  the  qmantities  measured 
a.’id  defining  terms  is  given  as  Fig.  8.12.  (A  portion  of  an  actual  Wiancko  reinord  is  reproduced 
as  Fig.  9.12.)  A  comparison  of  peak-pressure  results  (see  Tables  8.4  to  8.8^ showed  that  the 
values  obtained  with  14  Wiancko  gages  were  between  90  and  99  per  cent  of  tftne  peak -pressure 
values  obtained  with  tourmaline  gages  at  the  corresponding  locations.  Howewer,  two  Wiancko 
gage  peak -pressure  values  were  114  and  111  per  cent  of  the  peak  pressure  rvicorded  with  a 
tourmaline  gage  at  the  same  location.  These  large  values  were  contrary  to  thw:  consistently 
low  values  obtained  in  the  shock- wave  performance  tests  (see  Table  5.1).  Altftough  no  reason 
for  this  behavior  can  be  given,  it  should  be  mentioned  that  these  large  value.-*  were  compared 
with  a  single  tourmaline  gage  value  which  was  unusually  low.  Furthermore,,  tiSje  two  Wiancko 
gages  wore  never  subjected  to  the  shock-wave  performance  tests.  Excluding. tfhe  two  large 
values,  the  Wiancko  gages  recorded,  on  the  average,  94  per  cent  of  the  peak  sihock-wave 
pressures  recorded  with  tourmaline  gages.  This  value  is  several  per  cent  la3;ger  than  the 
average  pressure  ratios  obtained  in  the  shock-wave  performance  tests. 
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.  Fig.  8.12— Quantltlet  metiured  on  Wigwam  underwawt  praiiure-tlme  Kcotda, 


t  J  J  Impulse  Comparison* 
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A  comparlsoB  of  the  reduced  impulse  (momentum)  in  the  shock  wave  (the  positive  area 
under  the  shock-wave  pressure-time  curve)  was  obtained  at  depths  of  500  and  1000  ft  on  the 
three  TFNB  stations  and  sJiowed  that,  in  general,  the  results  from  the  Wiancko  gages  were 
again  smaller  (average  value  was  97  per  cent,  excluding  two  comparisons)  than  the  resulU 
from  the  tourmaline  gages  at  corresponding  locaUons.  Possible  reasons  why  the  Wiancko  gage 
impulse  results  were  not  cjulte  so  low,  compared  with  the  tourmaline  restUts,  as  were  the 
corresponding  peak -pressure  results  are  that  the  pressures  recorded  uith  tourmaline  gages 
may  have  decayed  too  rapidly  of  that  the  Wiancko  gages  may  have  exhibited  hysteresis  during  the 
recording  of  the  shock  wave,  or  both.  Since  several  effects,  although  each  may  be  small,  may 
cause  the  pressures  recorded  with  tourmaline  gages*' to  decay  too  rapidly  and  since  hyste'icsis 
in  the  Wiancko  gages,  althouBh  small,  may  cause  the  recorded  pressures  to  decay  too  slowly, 
it  is  surprising  indeed  that  the  difference  between  the  Impulse  comparison  (97  per  cent)  and  the 
peak  pressure  comparison  (04  per  cent)  was  so  small. 

Although  no  accurate  measurement  of  the  mean  frequency  (gage  submerged  and  under 
hydrostatic  pressure)  of  the  Wiancko  gages  was  possible  immediately  before  and  after  the 
Wigwam  shot  to  determine  the  '‘permanent"  change  in  frequency,  comparisons  of  tlie  hydrostatic 
calibrations  before  and  after  the  shot  showed  that  the  mean  frequency  (at  atmospheric  pressure) 
changed  by  50  cycles  or  less  on  all  gages  but  one.  This  particular  gage,  which  gave  a  higher 
value  in  the  momentum  eoniparlson  (106  per  cent)  than  was  obtained  for  Wiancko  gages  on  the 
average,  produced  an  increase  of  375  cycles  in  the  mean  frequency.  Hysteresis  in  the  Wiancko 
gages  was  again  observed  J»  the  hydrostatic  calibration  after  the  Wigwam  shot.  The  magnitude 
of  the  hysteresis  was  approximately  the  same  as  that  discussed  above. 


8.3.4  Wigwam  Signal  RisO  Times  on  Wiancko  Gages 

The  rise  times  recordi'd  with  Wiancko  gages  on  the  Wigwam  shot  were  between  1  and  2 
msec.  The  accuracy  in  refilling  the  rise  times  was  determined  primarily  by  the  time  resolution 
on  the  pressure-time  records,  which  was  about '/,  msec.  These-rlse  times  were  large  com¬ 
pared  with  those  recorded  In  the  shock-wave  performance  tests,  the  increase  in  the  rise  times 
being  caused  by  the  filler  used  In  the  playback  equipment.  This  filter  was  necessary  In  order 
to  reduce  the  hi^-frequency  components  of  flutter  and  noise  recorded  from  the  magnetic  tape. 
Although  the  slow  rise  tIniDS  caused  an  error  in  the  recorded  peak  pressures,  the  results 
entered  in  Tables  8.4  to  8.0  were  corrected  for  this  error  by  reading  the  peak  pressure  at  the 
intersection  of  the  line  representing  zero  time  and  the  extrapolated  straight  line  on  the  con¬ 
structed  log  pressure  vs  tliue  plot. 


8.3.5  Damage  to  Wiancko  Gages 

The  22  Wiancko  gages  used  on  the  three  YFNB  stations  were  calibrated  and  e.xamlned  for 
possible  damage  after  the  Wigwam  shot.  Four  gages  were  found  to  behave  erratically  during 
cciUbration,  but  only  one  of  these  failed  to  produce  a  pressure-time  record.  Broken  wire  leads 
at  the  pin  connection  in  the  glass  seal  and  a  shorted  power-supply  lead  caused  the  gage  oscil¬ 
lators  in  three  gages  to  stop  oscillating  during  calibration. 

Although  these  three  gitges  produced  what  seemed  to  bo  a  pressure-time  curve  without 
distortion,  one  of  these  giigt'S  recorded  a  very  low  peak -pressure  value  (90  per  cent)  but  a 
high  value  of  monienluin  (10!)  per  cent)  when  compared  With  values  obtained  with  the  tourmaline 
gages  at  the  same  poslllon.  The  gage  that  failed  to  record  pressures  produced  a  gage-oscillator 
signal  that  varied  considerably  in  amplitude  and  frequency  during  calibration.  The  gage  cases 
and  seals  held  up  very  well  for  there  was  no  evidence  of  water  in  any  of  the  gage  cases. 


♦These  effects  are  dlfldussed  in  the  tourmaline  gage  section  In  Chap.  5.  The  Wiancko  gages 
did  not  show  these  effects  find  were  capable  of  maintaining  the  frequency  con.stant  (wlUiIn  the 
limits  of  stability  of  the  oscillator)  when  the  applied  pressure  was  held  constant. 
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Oth«r  Electrealc  PsttSftute-TUa*  Gag^e  Results 


Since  the  electronic  pressure-time  gages  were  considered  to  be  the  primary  instrumen¬ 
tation,  with  the  ball-crusher  gages  and  mechanical  pressure-time  gages  as  backup  instrumenta¬ 
tion,  most  of  the  electronic  gage  results  are  discussed  in  Chap.  9.  In  general,  however,  con¬ 
clusions  about  these  gages  may  be  summarized  as  follows: 

1.  Both  Wiancko  and  tourmaline  gages  were  rugged,  and  they  operated  satisfactorily. 

2.  They  gave  peak-pressure  results  which  agreed  without  correction  to  about  6  per  cent. 

3.  Agreement  between  them  on  impulse  measuremeiiis  was  within  3  per  <.ent,  on  the 
average. 

4.  The  Wiancko  gages  apparently  remained  stable  to  within  50  cycles  of  their  mean  fre¬ 
quency  or  to  within  about  2  per  cent  of  their  full-scale  deviation. 

5.  Wiancko  gages  reco.'ded  rise  times  of  about  i%  msec  on  Wigwam  because  of  playback, 
limitations;  however,  they  \/ere  capable  of  rise  times  as  fast  as  0.3  msec  on  high-explosive 
trials  where  the  playback  did  not  lindt  the  response. 

6.  Tourmaline  gage  cable  signal  was  estimated  to  be  less  than  0.2  per  cent  of  the  recorded 
shock-wave  signal  on  Wigwam. 

7.  Dynamic  calibrations  of  the  tourmaline  gages  gave  values  agreeing  with  static  calibra¬ 
tions  to  v.'ithin  7  per  cent.  These  dynamic  calibrations  were  used. 

8.  Other  effects  from  which  tourmaline  gages  suffer,  such  as  high-  and  low-frequency 
distortion,  pyroelectric  effect,  and  first-time  g.age  effect,  were  negligible  as  determined  by 
field  and  laboratory  tests  or  were  corrected  for  by  suitable  calibration  or  aging  techniques. 
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CHAPTER  9 


ANALYSES 


9.1  INTRODUCTION 

The  purpose  of  this  chapter  is  to  present  a  brief  analysis  of  the  data  obtained  ly  Prbiect 

1.2  from  Operation  Wlgw’am.  The  data  discussed  in  this  chapter  were  presented  in  Chap.'S  and, 
where  appropriate,  were  limited  to  the  1000-ft  gages  located  at  the  instrumentation  stations  oa 
the  YFNB’s  12,  13,  and  23.  It  was  fell  that  the  data  from  these  gages  (rather  than  those  at 
more  shallow  depths)  were  the  only  data  capable  of  providing  frec-field  information  since  they 
were,  by  comparison,  relatively  free  from  such  phenomena  as  reflection  and  refraction  effects. 
In  other  portions  of  the  discussion,  data  from  shallower  gages  and  other  stations  were  used.' 

9.2  PRESSURE  VS  DISTANCE  CURVES  AND  TNT  EQUIVALENTS 

Figure  9.1  shows  the  peak-pressure  measurements  obtained  at  the  three  YFNB  stations 
for  the  individual  1000-lt-depth  gages.  It  should  be  noted  that  the  pressures  obtained  from  the 
Wiancko  gages  were  usually  lower  than  thos.e  from  the  piezoelectric  gages.  It  is  believed  that 
such  a  systematic  difference,  althoui'.b  not  thoroughly  understood,  existed  fairly  consistently 
whenever  the  two  types  of  gages  were  used  dynamically.  In  other  words,  as  was  discussed  in 
Sec.  5.1.6,  if  pressures  measured  durlng.a  dynamic  calibration  of  Wiancko  gages  were  calcu¬ 
lated  on  the  basts  of  static  calibration  data,  the  piezoelectric  gages  read  higher  by  about  10 
per  cent.  If  the  dynamic  calibration  procedure  was  warranted  at  all,  it  was  necessary  to  dis¬ 
regard  the  differences  resulting  from  the  use  of  the  static  calibration  constants  (or  curves) 
and  use  the  dynamic  calibrations,  at  least  for  shock  peak  pressures.  At  the  time  of  writing, 
there  was  no  firm  conviction  that  the  Wiancko  pressures  were  "right"  and  the  piezoelectric 
pressures  were  "wrong”  or  vice  versa;  however,  since  many  of  the  data  were  to  be  compared 
directly  or  indirectly  with  TNT  effects,  it  was  decided  arbitrarily  to  consider  the  piezoelectric 
measurements  as  "correct"  and  to  adjust  the  Wiancko  Wigwam  data,  which  had  been  calculated 
by  the  use  of  static  calibration  constants,  by  correction  factors*  that  had  been  determined  during 
the  dynamic  calibration  process.  Tlie  choice  of  piezoelectric  over  Wiancko  measurements  was 
justified  since  the  great  bulk  of  high-explosive  data  on  underwater  shock  pressures  was  de¬ 
termined  by  piezoelectric  gages  and  many  empirical  relations  for  pressure  and  other  quan¬ 
tities  were  based  on  such  data. 

Tables  8.4  to  8.6  give  the  Wiancko  pressures  before  and  after  correction. 

The  equivalent  value  of  40.2  x  10*  lb  of  TNT  to  produce  the  same  measured  peak  pressures 
as  were  found  in  Wigwam  was  obtained  by  taking  the  geometric  average  of  the  measured 


•These  correction  factors  appeared  to  be  4  or  5  per  cent  .oo  .largo  in  view  of  the  actual 
Wigwam  results. 
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presaures  for  the  lOOO-ft-depth  sages  at  the  TFIIB-12  aad  TFlf6-13  stations  and  then  cob 
pwltnc  thenvuvaleflt-ncishtafTlfrtisrlaseftfaiiSttln  the  eoviilcat  T5T' eqnaUon:* 


P  =  2.tSxlO* 


tH\US 
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where  Wis  the  weight  of  TRT  in  poonda,  ?  la  the  pressore  la  pounds  per  square  lnd>,  and  r  is 
the  slant  range  in  feet.  The  pressares  obtained  at  the  TFNB-  '  statU'*  were  not  used  in  this 
determination  because  it  was  thought  that,  at  this  greater  dlst-  .cc  ci  .or  would  be  introduced 
from  refraction  effects,  (see  Sec.ftJ).. 

Figure  9.2  shows  bow  the  averaged  (geometric)  data  from  both  the  NRL*  and  the  deep  NOL 
stations  compare  with  the  computed  46.2  x  10^  lb  of  TNT  pressure  line. 

At  this  p(^t  it  was  of  interest  to  investigate  the  TNT  efficiency  of  the  Wig^m  shot  as  far 
as  pressure-distance  relations- were  concerned.  In  the  Project  1.2  preliminary  report  a  value 
of  40  X  10*  lb  of  TNT  was  pre^nted;  however,  upon  rereading  the  data  and  taking  account  of 
various  instruroentati<m  errors  discussed  in  previons  chapters,  the  value  of  46.2  x  10*  lb  -was 
found  to  be  a  more  accurate  figure.  This  figure  coispares  extremely  well  with  the  equivalent 
TNT  value  of  45.76  x  10*  lb  predicted  by  Snay  in  reference  S.  In  October  1955,  at  a  meeting  of 
Project  Officers  in  San  Francisco,  the  following  rafiochcmical  yield  figures  were  given: 

LASL:  32  metric  kt\  « 

NHL:  34  metric  ktl  .  . 

ARF:  30.5  metric  kt  Hydrodynamic 

where  1  metric  kt  equals  2.205  x  10*  lb  of  TNT  at  1000  cal/g.  Alternatively,  1  metric  kt  equals 
g-cal  or  4.2  X  10**  eras.  Infortna*  t.^Ucs  with  Peter  King  of  NHL  revealed  that  the  difference 
between  the  LASL  and  NHL  figures  arose  not  from  a  difference  in  experimental  procedures  but 
from  the  fact  that  LASL  incorporated  a  number  of  correction  factors  unavailable  to  NHL  and 
based  on  LASL's  extensive  experience  in  this  work.  Therefore  the  “efficiency  figure"  for 
Wigwam  which  may  be  defined  as 

Yield  (shock  -wave) 

Yield  (tadiochemislry) 


becomes 


48.2x10*  10*_fl.; 

32  X  2205  X  10*  ~  70.6  X  10*  ”  , 

9.3  ENERGY  AND  IMPULSE  VS  DISTANCE  CURVES 

Reference  to  Fig.  9.3  shows  the  relation  existing  between  the  measured  energy  at  each  of 
the  YFNB  locations  and  that  which  would  have  been  obtained  if  46.2  x  10*  lb  of  TNf  had  been 
detonated.  The  shock-wave  energy  (strictly  speaking.  Ibis  is  the  shock-wave  energy  flux)  for 
40.2  X  10*  lb  of  TNT  was  computed  from  the  empirical  relation* 

E-r^x  =  2.44  X  10*  (w’^) 

where  W  Is  Iti  pounds  of  TNT,  r  is  the  slant  range  in  feel,  and  £,  -which  is  bp.egrated  out  to  a 
time  equivalent  to  6.70,  Is  In  Inch-pounds  per  square  inch.  The  experimental  points  on  this 
graph  are  .again  the  geometric  averages  of  the  energies  measured  by  each  of  the  1000-ft-dcpth 
gages. 

Since  surface  cutoff  made  It  impossible  to  measure  the  energy  out  to  6.70,  an  equivalent 
TNT  energy  line,  which  is  shown  adjacent  to  each  of  the  data  points,  was  obtained  by  deter¬ 
mining  w’hal  the  TNT  energy  would  have  been  if  It  had  been  measured  only  out  to  the  same 
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Fig.  9.2— Avenged  Wigwam  peak  preuuie*  compand  with  thoie  for  TNT< 


time,  i.e.,  to  the  sanse  nundjcr  ot  B’»,  as  each  o!  the  1000-ft  data  points.  The  curse  sboelnc 
the  relation  of  the  total  enei^  vs  the  number  of  d’s  to  which  the  measurement  was  made  is 
shown  in  Fig.  9.4.  This  correctiOA  procedure  is  based  upon  two  arbitrary  assunqjitiansr  (1)  the 
curve  showing  the  percentage  of  total  energy  vs  the  tisse  to  which  the  measurement  was  made 
is  the  same  for  TNT  as  for  HBX-2  (the  data  from  which  the  curve  in  Fig.  9.4  was  convUed) 
and  (2)  that  the  shape  of  the  underwater  pressure-time  curve  generated  by  tl_:  Wigwam  bomh 
was  the  same  as  that  produced  by  TNT.  It  is,  at  present,  thought  that  there  will  he  no  essen¬ 
tial  differences  between  the  energy-9  curve  as  obtained  from  the  HBX-2  data  and  that  ob- 
Uined  from  TNT.  Indications  are,  however,  that  the  pressure-time  relation,  and  hence  the 
total  energy  obtained  In  a  nuclear-generated  shock  wave,  may  be  tfilTerent  from  that  obtahied' 
from  a  TNT-generated  shock  wave. 

In  the  range  from  1000  to  about  15,000  psi  (the  usual  range  of  measurements),  the  shodfc 
wave  from  a  high-explosive  detonation  decays  e;q>onentially  out  to  a  time  equal  to  or  greater  ■ 
than  the  time  constant  9  (as  defined  in  Sec.  9.4).  The  decay  of  Wigwam  pressare-tlme  curves 
could  be  examined  only  for  the  deeper  gage  positions  where  surface  cutoff  did  not  occur  until 
a  time  at  least  as  great  as  9.  For  these  deeper  gages  the  shock-wave  decay  was  similar  to 
that  of  a  TNT  shock  wave  at  the  YFNB-12  position.  At  the  YFNB-13  position  the  shock-wave 
decay  rate  deviated  from  the  initial  9  value  at  a  time  equal  to  about  '49  after  the  pe^  pres¬ 
sure;  at  the  YFNB-29  position  the  deviation  occurred  even  earlier. 

Similarly,  the  shock-wave  decay  rate  of  TNT  perhaps  deviates  from  the  initial  9  values 
at  peak-pressure  values  of  about'  300  psi  since  an  analysis  of  hlgb-exploslve  data  on  the  re¬ 
lation  of  the  duration  of  the  initial  exponential  decay  rate  relative  to  the  value  of  9  in  the  range 
1<)UU  to  13,0CU  psi  indicates  tltat  this  deviation  is  possible.  However,  since  no  bigh-explostve 
data  are  readily  available  for  direct  comparison  in  the  pressure  ranges  measured  at  the  YFNB- 
13  and  YFNB-29,  the  TNT  and  Wigwam  integrals  at  the  two  greater  distances  are  not  neces¬ 
sarily  comparable.  In  other  words,  if  TNT  pressure-time  curves  at  all  pressure  ranges  decay 
exponentially  to  at  least  a  time  9  at  their  original  decay  rate,  then  Wigwam  pressure-time 
curves  are  not  similar  to  those  from  TNT.  However,  it  is  enlirely  possible  that  the  decay 
characteristics  of  TNT  pressure-time  curves  for  pressures  less  than  1000  psi  are  not  similar 
to  those  of  TNT  at  pressure  ranges  above  1000  psi.  If  this  is  so,  then  the  Wigwam  decay  char¬ 
acteristics  may  be  similar  to  those  of  TNT.  in  either  case  the  effect  of  refracilcs  on  the 
Wigwam  values  has  to  be  considered. 

Because  of  these  considerations,  it  is  considered  coincidental  that  the  measured  energies 
fall  so  closely  to  the  theoretical  6.79  line  fo.”  an  equivalent  amount  of  TNT  (as  determined  from 
peak -pressure  measurements).  Since  no  account  has  been  taken  In  the  above  analysis  of  the 
possible  effect  of  refraction  (see  Sec.  9.8),  the  agreement  may  even  be  more  coincidental  than 
it  appears  at  this  time. 

Figure  9.5  shows  the  comparable  impulse-distance  relation  which  existed  at  the  three 
YFNC  oiatlons.  The  construction  of  this  curve  followed  very  closely  the  same  procedures  as 
were  outlined  for  the  energy -distance  curve  and  was  based  upon  the  same  assumptions  and 
limitations.  The  equation  used  for  the  reduced  Impulse  fro.m  TNT  was 

I  TNT  =  1.46W’'^ 

where  W  is  in  pounds  of  TNT,  r  is  the  slant  range  In  feet,  and  I  is  the  imp-ulse  m  pound-seconds  ‘ 
per  square  inch.' 

The  curve  showing  the  relation  of  Uie  total  Impulse  of  HBX-2  vs  the  number  of  O's  to  which 
the  measurement  was  made  is  shown  in  Fig.  9.6. 


9.4  TIME  CONSTANT  (9)  VS  DISTANCE  CURVE 


The  data  plotted  In  Fig.  9.7  indicate  a  rather  wide  variation  between  the  measured  time 
constants  and  those  which  could  be  expected  if  the  Wigwam  bomb  had  been  equivalent  to  a  TNT 
detonation  of  46.2  x  10*  lb.  The  equation  for  TNT  which  was  used  was 
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Fig.  9.7 — Averaged  Wigwam  Ume  comtanu  for  NOL  and  NW.  jutiona. 


where  0  is  the  time  in  milliseconds  for  the  pressure  to  fall  to  1/e  of  its  peak  value,  assuming 
that  the  initial  decay  was  maintained  out  to  this  time;  W  is  la  pounds  of  TNT;  and  r  Is  the  slant 
range  in  feet.* 

The  NRL  values  of  0  which  are  plotted  in  Fig.  9.7  are  the  geometric  averages  of  the  data 
given  in  reference  2  for  each  slant  distance.  On  the  oUier  hand,  the  NOL  0  values  are  the 
averages  for  the  1000-ft  gages  on  single  strings.  To  gee  if  B  varied  with  depth  in  any  simple 
fashion,  some  rough  plots  of  0  vs  depth  for  each  YFND  string  showed  that  0  seemed  largest  at 
about  300  ft  and  smallest  at  500  ft,  with  the  values  at  200  ft  and  shallower  and  at  1000  ft  falling 
between  the  300-  and  5G0-ft  values.  It  was  suggested  that,  if  refraction  were  Indeed  causing 
this  variation,  then  large  $  values  should  correspond  to  small  peak  pressures  and  vice  versa. 
To  test  this,  p/0  vs  depth  was  plotted  for  each  string;  hut  these  values  also  varied  with  depth, 
with  a  sharp  change  in  the  curve  at  500  ft.  At  any  rate  It  was  concluded  that  the  discrepancy 
might  well  be  attributed  to  retraction  effects  or  to  a  real  difference  between  the  nature  of  a 
TNT  blast  and  that  produced  by  the  Wigwam  weapon  ag  discussed  above.  It  is  well  to  remember 
the  fact  that  the  experimental  determination  cf  0  Is  made  graphically  and  is  subject  to  error,.- 
as  can  be  seen  by  the  scatter  in  the  values  of  9  presented  In  Tables  8.3  to  8.6.  For  this  reason 
no  great  reliability  can  be  placed  on  the  accuracy  of  those  values;  however.  It  might  be  noted 
that  the  differences  become  somewhat  smaller  at  the  closcr-in  stations  (those  measured  by 
NRL*). 

9.5  BUBBLE 

From  the  electronic  pressure-time  gage  records  It  was  possible  to  speculate  about  certain 
bubble  characteristics.  The  following  information  wag  desired: 

1.  The  bubble  period  for  each  pulsation. 

2.  The  bubble  migration  between  bubble  minima. 

3.  The  amplitude  of  at  least  the  first  pulse. 

4.  An  Interpretation  of  the  wave  shapes  observed  In  the  various  pulses.  ■ 

Measurement  and  analysis  of  the  data  showed  the  above  Items  to  be  interdependent.  For 

example,  a  knowledge  of  the  shape  of  the  first  bubble  pulse  was  needed  In  order  to  measure 
either  the  period  or  the  pressure.  Some  correction  was  made  for  the  fact  that  the  gage  loca¬ 
tion  affected  the  magnitude  and  arrival  time  of  the  surface  cutoff  on  the  bubble  pulse;  however, 
no  correction  to  “tree-water  values”  was  made  for  the  fact  that  the  bubble  migration  affected 
the  shape  of -the  pulse. 

9.5.1  Bubble  Period 

The  eteotro.alc  pressure-time  gage  records  of  tho  first  bubble  pulse  showed  a  sharp- 
fronted  wave  at  the  end  of  a  long,  gradual  rise  in  pressure  (Fig.  9.8).  Shortly  thereafter  the 
negative  reflection  of  the  sharp-fronted  wave  from  tho  surface  was  evident  (see  Fig.  9.8a). 

Since  there  was  some  doubt  that  tlie  sharp-fronted  wavn  occurred  at  the  time  of  the  babble’s 
true  minimum  volume,  the  bubble  pulse  as  it  would  appear  at  the  recording  gage  if  no  surface 
reflection  were  present  was  reconstructed  using  Uie  point -by-polnt  system  described  on  pages 
381  and  382  in  Cole.* 

The  usual  proble.ms  of  bubble-pulse  recaistructlon  were  present  In  abundance,  plus  those 
introduced  by  additional  pressure  pulses  from  cavltntion  closures  during  the  negative  phase 
following  the  shock  wave.  It  should  be  remembered  timt  an  additional  reason  for  the  low  over¬ 
all  accuracy  of  the  bubble  reconstruction  was  tliat  the  Wiancko  gages  supplying  the  records 
used  in  these  reconstructions  were  responding  to  transient  pressures  which  generated  signals 
almost  at  the  noise  level  of  the  recording  system  during  most  of  the  bubble  pulse.  The  records 
read  were  selected  on  the  basis  of  the  d-c  response  of  the  Wiancko  gage.  The  recording  systems 
used  with  piezoelectric  gages  were  thought  to  have  poor  response  to  negative  pressures,  and 
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furthermore  it  irzs  not  desired  to  have  to  consider  gage  time-constant  effects  in  the  tjobble- 
reconstructfon  work.  Actually,  some  of  the  piezoelectric  gage  channels  ought  have  yielded 
good  data,  but  it  vis  not  considered  warranted  to  expend  the  large  effort  re^iired  to  read  alt 
the  piezoelectric  gage  records  available.  One  piezoelectric  channel  was  interpreted  as  S 
check;  it  had  a  high  sensitivity  and  was  designed  to  yield  a  large  bubble  signal.  The  bubbis  . 
records  were  reconstructed  by  applying  corrections  for  the  increased  i>ath  at  the  reflected  wave 
over  the  direct  wave  and  for  drift  due  to  incorrect  assumption  of  the  hydrostatic  level.  Figure 
9.8b  shows  a  bubble  record  before  and  after  reconstruction  with  correction  for  drift.  Figure 
9.8c  shows  the  corrected  base  line,  and  Fig.  9  Jd  shows  the  completely  corrected  reconstruC' 
tion.  The  corrected  base  line  slanted  up  or  down  because  of  the  repetitive  wffitian  of  a  small 
error,  depending  on  whether  the  assumed  hydrostatic  pressure  was  low  or  U^.  If  the  negative 
reilection  from  the  surface  were  acoustic,  the  entire  pressure-time  history  sorting  with  the 
shock  wave  could  probably  be  accurately  reconstructed;  however,  this  was  not  the  case,  D«>- 
cause  of  nonlinear  cutoff  the  negative  phase  was  distorted,  and  the  reconstmetion  of  the  taibble 
was  affected  by  reflections  and  nonlinearities  which  carried  over  from  Uu-  shock  wave  and  the 
negative  phase. 

Selection  of  the  points  between  which  to  draw  the  corrected  base  line  was  based  on  changes 
in  curvature  of  the  reconstructed  record  relative  to  the  assumed  base  line.  The  point  after  the 
peak  of  the  bubble  pulse  where  the  slope  of  the  reconstruction  was  about  constant,  either  upward 
or  downward,  was  selected  as  the  ■eco.-'.d  point;  and  the  assumed  crossing  point  <Fig.  9.8b)  was 
selected  as  the  first  point.  On  most  records  analyzed,  the  second  point  was  found  to  occur,  an 
long  after  the  bubble  peak  as  the  first  was  before  the  peak,  Indicating  a  reasonable  symmetry 
of  pressure  on  either  side  of  the  peak,  except  for  the  sharp-fronted  wave.  Mo  attempt  was 
made  to  correct  the  reconstruction  for  the  effects  (if  any)  of  bubble  migration. 

The  reconstructed  pulse  showed  that  the  sharp-fronted  wave  occurred  sU^lly  before  the  ' 
time  of  the  bubble’s  minimum  volume.  From  the  reconstructed  pressure-time  history  it  waa 
apparent  that  the  sharp-fronted  wave  was  of  lower  net  amplitude  than  the  main  bubble  pulse,, 
and,  although  the  former  did  reach  the  greater  pressure,  it  was  not  nearly  so  significant  as  It 
first  appeared.  Table  9.1  is  a  summary  of  the  various  pressures  measured  on  the  first  bubUe 
pulse. 

By  use  of  the  reconstructed  bubble  pulse  it  was  possible  to  correct  the  bubble  period 
(tj  -  tj)  as  sho'CT  in  Fig.  8.12  by  the  quantity  Cj  (Fig.  9.8d),  These  corrections  are  listed  IR 
Table  9.2.  An  additional  correction,  C;,  which  is  caused  by  the  migration  of  the  bubble  and  the 
difference  between  the  propagation  velocity  of  the  bobble  pulse  and  that  of  the  shock  wave  (be¬ 
cause  of  the  different  paths  and  pressures),  also  is  shown.  The  sum  of  C|  i-  =  t,|.  The  actual 
time  between  the  explosion  and  the  first-bubble  maximum  pressure,  the  so-called  ’’bubble 
minimum,"  is  considered  to  be  the  corrected  first  bubble  period  shown  in  Table  9.2  as  tui<  ‘The 
average  val<m  of  this  for  Wigwam  was  2.878  sec,  uncorrccted  for  the  presence  of  the  ocean 
surface  or  bottom  (reference  3,  Sec.  .1.3).  From  this  was  calculated  the  equivalent  TNT  yield, 
in  terms  of  the  bubble  period,  using  the  relation 

W'i 

(H  +  33)H 

where  T  is  the  period  of  oscillation  i.i  seconds,  W  is  the  charge  weight  In  pounds,  and  H  is  the 
depth  of  the  charge  in  feet.*  This  gives  a  value  of  W  equal  to  53.6  x  10*  Ib  of  TMT.  Finaily, 
from  the  relation* 


(H  +  33;t4 


the  maximum  bubble  radius  (A„,jyj)  was  computed  to  be  375  ft.  These  data  agree  remarkably 
well  with  the  predictions  of  reference  3,  namely,  T  =  2.88  sec  and  Amax  =  3^9  ft- 


Timet  In  — eonto 


CONFIDENTIAI 

Tbe  ^tharp  peak  cb  the  first  pnlse  may  be  analogous  to  the  "ancmalous”  pulse  often  en¬ 
countered  in  conventional  ej^losives  testing,  which  may  be  caused  by  a  jet  of  water  rising 
through  the  bubble  and  impinging  npoa  the  top  surface  of  the  bubble  from  within.  Such  an  impact 
would  tend  to  unstabilize  the  bubble,  perhaps  leading  to  irregular  later  pulses. 

The  later  bubble  periods  were  measured  without  correction  (Table  9.3);  their  peaks  were 
assumed  to  be  at  the  time  of  nsudmum  signal.  They  are  shown  as  tj}]  and  tg)  and  are  equal,  re¬ 
spectively,  to  (til  to  t,j)  —  (ti  +  t|J  and  (tn  to  tu)  -  (tn  to  t,j).  The  range  of  values  of  the  second 
and  third  pulses  was  caused  by  the  fact  that  their  maximum  signal  was  diffuse  and  complex  and 
BO  actual  peak  seemed  to  occur.  The  points  selected  were  clioscn  only  because  they  were  de¬ 
tectable  at  several  gage^tattons  and  appeared  about  In  the  middle  of  the  disturbances  caused, 
respectively,  by  the  second  and  third  pulses. 


9.5.2  Bubble  Migration 

If  the  arrival  time  of  a  definite  pressure  transient  Is  known  at  various  gage  locations  on  a 
siring  and  if  certain  other  data  are  available,  it  is  possible  to  calculate  the  location  of  the 
source  of  the  transient.  Each  bubble  pulse  displayed  discontinuities  or  pips  of  sufficient 
sharpness  to  permit  ranging  if  the  arrival  times  and  other  data  were  known  with  sufficient 
accuracy.  In  this  case  the  effective  base  line  for  the  ranging  did  not  exceed  975  ft,  (he  maxi¬ 
mum  distance  between  gages  on  a  single  string.  If  the  discontinuity  were  reflected  from  the 
water  surface  and  if  the  resulting  negative  pressure  were  identifiable  on  the  record,  an 
effective  base  line  over  twice  as  long  (2000  ft)  would  be  available.  Only  the  first  of  the  bubble 
pulses  provided  such  a  reflectlan. 

An  approximate  formula  has  been  derived  for  either  method  of  calculation  using  the  follow¬ 
ing  dabu 

a  =  distance,  in  feet,  between  gages  or  gage  and  image  gage 
Vi  =  velocity.  In  feet  per  second,  of  propagation  from  source  to  nearer  gage 
Vi  -  velocity.  In  feet  per  second,  of  propagation  from  source  to  farther  gage  (or  l-aage  gage) 
m  =  horizontal  distance,  in  feet,  from  source  to  gage  line 

The  equation  is: 


where  &  is  the  time  interval.  In  seconds,  between  the  arrival  at  two  gages  on  a  string  or  be¬ 
tween  the  arrival  of  the  positive  wave  and  its  cutoff  at  one  gage  and  X  is  the  depth,  in  feet,  of 
the  source  from  the  nearer  gage;  X  is  negative  if  the  so..rcc  is  above  the  nearer  gage. 

Application  of  the  above  formula  involves  several  quantities,' all  of  which  were  approximate 
and  some  of  which  were  derived  from  measurement  of  the  shock-wave  phenomena.  The  distance 
between  two  gages  on  the  same  string  was  known  to  better  than  1  per  cent;  however,  the  dis¬ 
tance  between  a  gage  and  its  Image  was  not  known  so  well  because  the  gage  line  may  have  been 
IncUued  tu  llic  surface  and  the  actual  depth  of  the  gage  would  be  uncertain.  The  horizontal 
standoff  was  determined  by  arrival  time  and  sonic  ranging  of  the  shock  wave  (see  Chap.  7). 

If  two  gages  were  used,  the  slope  of  the  gage  line  was  important  since  the  minimum  standoff 
was  roughly  six  times  the  base  line  (975  ft  was  the  ma.\imura  betv/een  gages).  Error  in  the 
horizontal  standoff  was  important  in  all  cases  because,  in  the  equation  (as  used  here),  Uie 
depth  (X)  ■vna  a  function  of  the  sura  or  difference  of  large  numbers  or  their  squares  or  products 
and  most  of  the  numbers  were  of  the  same  order  of  magnitude.  The  accuracy  of  the  two  propa¬ 
gation  velocities  used  was  rather  low. 

These  propagation  velocities  were  estimated  by  calculating  the  average  sound  velocity 
from  an  assumed  source  of  the  pulse  to  the  gage  and  then  correcting  this  velocity  to  take  account 
of  the  tncrea.''ed  velocity  associated  with  the  pressure  ol  the  pulse.  Successive  approximations 
of  the  path  (or  source  location)  were  made  until  the  calculated  and  assumed  positions  of  the 


source  were  reasonably  close  together. 
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Tabic  9.3— VARIOUS  TIME  INTERVALS  MEASURED  FOR 
BUBBLE  RANGING  (INTERVALS  IN  SECONDS) 


Descrlptioa 


3 

5  (1000*  gage) 
j  (1000*  gage) 

10  (1000*  gage) 
10  (1000*  gage) 
1.1  (1000*  gage) 
12  (1000*  gage) 

12  (1000*  gage) 
L2  (1000*  gage) 

13  (1000*  gvge) 
13  (1000*  gage) 

16  (1000*  gage) 
(1000*  gage) 
(1000*  gage) 

17  (1000*  gage) 


•tc(20C*  gage) 
•t5(l00*  gage) 
-tio  (200*  gage) 
-tio  (100*  gage) 
-til  (200'  gage) 
-til  (100*  gage) 
-ti2  (200^  gage) 
-ti2  (100*  gage) 
-tj^j  (200'  gage) 
-ti3  (lOO*  gage) 
-ti6  (200'  gage) 
-ti6  (100’  gage) 
-tiY  (200'  gage) 
-ti7  (100*  gage) 


yFNB-12 

YFNB-13 

TFNB-29 

.1275 

.0844 

la 

.1045 

.068 

.044 

.030 

.010 

.017 

.011 

.008 

.011 

« 

.008 

.014 

« 

.007 

.012 

« 

.012 

.024 

.005 

lJ-i: _ 

.005 

BHHHI 

Pip  not  identifiable  at  shallow  gage. 


9.5.3  Bubble-migration  Results 


The  ranged  depth,  1000  +  X,  was  determined  by  use  of  the  cutoff  tines  from  the  first 
bubble  pulse,  as  measured  at  the  1000-ft  gages  on  the  YFNB-12,  and  the  following  data: 

a  =  2000  ft 

V,  =  4894  ft/sec 

Vj  =  4936  ft/sec 
>  m  =  5560  ft 
A  =  0.1045  sec 

This  gave  X  =  594  ft,  and  a  ranged  depth  of  1594  ft;  hence  the  migration  was  about  400  ft. 

Alteraatively,  by  use  of  the  arrival  times  at  tlie  1000-  and  25-ft  gages  on  the  YFNB-12, 
the  ranged  migration  was  downward;  however,  when  account  was  taken  for  an  assured  slops 
toward  the  charge  of  40  ft  per  1000  ft  in  the  gage  line,  the  migration  was  calculated  u  *■  20  ft 
upward.  Tlie  expected  errors  in  this  case  were  so  large  that  further  calculations  werv  con¬ 
sidered  futile.  Similarly,  any  ranging  of  the  later  pulses  would  be  hopelessly  Inaccurate.  It 
should  be  coied  that  only  the  source  of  the  sharp  pip  was  ranged.  This  does  not  mean  that  the 
center  of  gravity  of  the  bubble  had  migrated  400  ft. 

The  time  intervals  in  Table  9.3  are  given  to  illustrate  the  reason  for  abandoning  the 
computation  of  the  later  migrations  of  the  bubble.  As  later  and  later  pips  were  considered, 
the  lnter\-als  became  increasingly  smaller  (which  indicated  migration  in  this  case)  and  the 
errors  In  the  measurement  of  time  Increased,  as  did  the  uncertainties  in  the  calculation  of  the 
propagation  velocity.  The  angle  of  the  gage  string  became  important  when  the  surface  cutoff 
was  unidentifiable.  To  check  the  method,  the  location  of  the  charge  was  calculated  from  the  tj 
values  measured  at  the  YFNB-12.  Vi  was  used  in  measuring  the  location  of  the  gage  ia  the 
■sonic  ranging  method.  It  was  used  again  here.  Vj  was  calculated  using  the  same  method  as  that 
used  in  the  bubble  ranging  formula,  from  which  the  depth  of  the  charge  was  calculated  to  be 
1950  ft.  A  difference  of  only  about  25  ft/sec  in  either  propagation  velocity  would  have  made  a 
difference  of  about  50  ft  in  ranged  charge  depth.  A  1-msec  error  In  the  arrival  time  would 
have  yielded  an  error  of  18  ft.  At  best,  it  seemed  that  this  approach  to  ranging  was  good  to 
about  50  ft  in  depth;  at  wonst,  the  errors  ran  into  hundreds  of  feet  end  the  method  was  snclcss. 

'9.6  BOTTOM  REFLECTIONS  AND  LATER  BUBBLE  PULSES 
9.6.1  Description  of  Records 

The  Project  1.2  electronic  presrure-timo  records  showed  a  fairly  large  number  of  com¬ 
plex  waves  following  after,  but  not  adjacent  to,  the  first  bubble  pulse.  After  careful  comparison, 
certain  wa'.es  or  pips  were  identified  on  gage  records  at  all  YFNB's  and  at  all  depths  on  each 
string,  except  that  some  of  the  points  were  unidentifiable  at  the  shallow  gages  on  the  farthest 
YFNB  (YFNB-29).  Although  there  were  many  other  identifiable  points  associated  with  those 
selected,  representative  members  of  each  wave  train  were  used.  For  example,  even  though  the 
points  at  t.j,  t„,  and  tjj  were  prominent  and  easily  followed,  no  particular  significance  was 
attached  to  their  individual  characteristics.  On  the  other  hand,  the  pressure  waves  at  t;,  t|,  and 
tu  represented  different  phenomena,  and  their  arrival  times  and  amplitudes  were  significant. 

The  arrival  times  of  various  pips  at  different  places  are  tabulated  In  Table  9.4.  The 
arrival  times  at  the  1000-ft  gages  on  the  three  YFNB’s  are  plotted  in  Fig.  9.9.  It  can  be  seen 
that  most  ol  the  pulses  arrived  from  the  direction  of  the  charge  since  their  times  of  arrival 
fall  on  lines  nearly  parallel  to  that  of  the  initial  shock.  Three  pulses  arrived  from  almost  below 
tlie  array,  and  they  have  been  identified  as  bottom  reflections  of  the  shock  wave.  The  shock 
wave,  first  bubble  pulse,  and  second  bubble  pulse  were  clear  and  distinct,  and,  although  the 
second  pulse  was  irregular  in  amplitude,  it  followed  at  a  logical  time.  The  pips  tentatively 
identified  as  the  third  pulse  {t(5  and  t,i)  seemed  to  have  the  same  characteristics  as  those  of 
the  second  pulse,  although  they  were  weaker.  Following  them  was  a  dip  in  pressure  which  has 
not  been  identified,  and  it  persisted  about  0.7  sec.  The  arrival  of  the  center  of  this  dip  is  noted 
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CONFlDENTiAL 

in  Fie-  9.9.  The  Qme  of  the  dip  did  not  seem  to  correspond  exactly  aith  the  ventlnc  of  the 
bubble  or  the  origin  of  the  pinme  observable  in  the  surface -phenomena  photographs  and  movies. 
However,,  the  surface  phenomena  deep  inside  the  spray  dome  and  plume  are  not  well  under-  - .. 


stood,  and  the  phase  of  the  babble  at  venting  was  uncertain;  therefore  the  dip  may  have  actually 
originated  then. 


Careful  interpretation  of  Hie  bottom-reflection  data  indicated  three  things:  first,  the 
bottom  was  Irregular,  sloping  downward  from  SZ  toward  the  YFNB’s;  second,  there  were 
several  significaid  layers  in  the  bottom;  and  third,  all  significant  reflections  were  from  the 
initial  shock,  rather  than  the  buUtle. 


9.S.Z  Structure  of  Sea  Bottom 

Using  arrival  times  and  Hie  shock-velocity  structure  of  the  water,  it  was  possible  to 
ascertain  the  distance  and  the  direcUoa  of  the  image  of  the  charge  in  the  bottom  by  a  process 
of  ranging.  In  order  for  the  arrival  times  (tj)  to  check  and  to  have  the  source  correspond  with 
the  charge,  U  was  necessary  to  postulate  n  sloping  bottom  at  the  depths  shown  in  Fig.  9,10. 

In  order  to  account  for  the  major  peak  (l^  following  the  first  arrival,  a  subbottom  as  shown 
was  necessary.  To  account  for  the  last  observed  pulse  (t|;),  a  deep  subbottom  was  postulated. 
Alternatively,  t,4  could  have  been  caused  by  the  first  bubble  pulse,  but,  if  the  bottom  was  as 
postulated  for  sbock-wave  reflection,  the  bubble  pulse  would  have  had  to  originate  at  a 
depth  of  7000  ft.  The  bottom  topography  represented  in  Fig,  9.10  could  be  reconciled  with  the 
bottom  contours  supplied  by  iProject  2.8  in  its  preliminary  version  of  referenc?  6  if  SZ  were 
displaced  about  10,000  ft  from  their  stated  SZ  on  the  020°  contour  away  frora  San  Francisco. 

The  layers  and  associated  arrival  times  have  tentatively  been  identified  as  sediments  (tf), 
basalt  (t|),  and  ultrabasic  rock  (ti^).  The  thickness  of  the  basaltic  rock  could  have  been  about 
21,000  ft  if  the  propagation  velocity  in  it  were  .about  22,000  ft/sec. 

Figure  9.10  shows  the  position  of  the  bomb  relative  to  the  Project  1.2  electronic  gages 
and  the  bottom.  In  addition  to  the  bottom,  subbottom,  and  deep  subbottom  proposed  because  of 
tj,  tj,  and  ti4,  there  was  some  evidence  of  layering  within  the  various  major  layers.  For 
instance,  there  were  noticeable  pulses  ocenrring  after  t|,  which  could  account  for  a  bottom 
shown  as  ‘'possible  approximate  bottom  of  sediments”  in  Fig.  9.10.  Unfortunately,  the  pulses 
were  partially  masked  by  the  surface  cutoff  of  preceding  pressures  and  were  not  identifiable  at 
enough  gages  for  good  ranging.  R  should  be  pointed  out  tliat  there  were  discrepancies  in  the 
limes  of  arrival  or  time  differences  for  tj,  I*,  and  t|4  which  were  prob.ab!y  caused  by  Inaccu¬ 
racies  in  the  record  reading  and  method  of  obtaining  a  time  base.  There  were  enough  coherent 
data  to  establish  the  identity  of  the  three  reflections  that  were  studied. 

The  data  on  layering  given  here  depend  on  reflection  from  one  small  area  of  bottom.  For 
■*  comparison,  three  estimates  of  bottom  structure  are  included  In  Fig.  9.10.  The  first'  applied 
to  the  Pacific  Ocean  between  New  Guinea  and  Berkeley,  Calif.,  and  was  obtained  by  studies  of 
Love-wave  dispersion  of  earthquake  tremors.  The  velocities  given  are  shear-wave  velocities. 
The  second*  applied  to  the  Nares  Basin  in  the  Atlantic  Ocean  northeast  of  Puerto  Rlcd.  The 
velocities  given  are  for  a  pressure  wave.  The  structure  was  obtained  by  the  study  of  the  re¬ 
fraction  of  waves  from  a  small  explosion  in  the  ocean.  The  last  (Raitt,  as  quoted  in  referance  8) 
applied  to  the  Pacific  Ocean  between  Hawaii  and  San  Diego  and  was  based  on  refraction  studies 
of  earthquake  tremors.  Though  the  Project  1.2  data  did  not  provide  velocity  data  for  the  shock- 
wave  travel  in  rock  of  any  type,  a  reasonable  structure  resulted  when  velocities  obtained  from 
the  refraction  studies  of  Baitt  were  used  in  computing  the  position  of  the  deep  subbottom. 


9.6.3  Slicks  and  Spray  Domes 

Several  slicks  seen  in  the  aerial  photographs  of  Project  1.5  have  been  identified  with 
pressure-time  phenomena  of  known  origin.  Slick  1  was  caused  by  the  direct  shock  wave.  Slick  2 
was  caused  by  the  bottom  reflection  from  the  shallow  sedlment.-iry  layers.  Slick  3  was  caused 
by  reflection  from  the  deep  layer.  The  e.vact  arrival  time  and  the  pressure  at  the  ocean  surface 
probably  varied  from  place  to  place,  depending  on  the  bottom  topography.  Slick  4,  wliich  was 
observable  on  some  aerial  color  movies,  has  not  been  Identified  on  the  Project  1.2  records. 
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fig.  940  Wigwam  lonom  suuctute  and  comparison  with  other  locatlonj  and  methods. 
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>e  YFNB  area  in  sufticient 


The  movies  did  not  show  tbe'VFNB'area  in  sufticient  detail  to  determine  whether  slick:  4 
existed  in  that  area. 

Figures  9.11a  to  h  show  rough  plots  of  pressure  vs  gage  location.  Figure  9.11a  shows  the 
shock  wave;  Figs.  9.11b,  d,  and  e  show  measured  bubble  pulses;  Fig.  9.11c  shows  the  first 
bubble  pulse  reconstructed,  and  Figs.  9.111  to  h  show  bottom  reflections.  It  may  be  noted  that 
the  data  in  Figs.  9.11a  and  g  may  not  agree  to  better  than  20  per  cent  with  the  shock-wave  peak- 
pressure  values  given  in  Tables  8.4  to  8.6.  This  arises  from  the  fact  that  the  values  plotted  is 
Figs.  9.1ia  and  g  were  read  from  the  same  records  as  those  which  were  played  hack  so  as  to 
get  the  most  accurate  values  of  the  bubble  and  reflected  pressures.  These  latter  pressures 
were  low  compared  to  the  Initial  shock  pressures,  which  on  this  playback  fell  so  nearly  off- 
scale  that  they  could  not  be  read  as  accurately  as  when  played  back  in  the  maimer  used  to 
obtain  the  values  tabulated  iu  Tables  8.4  to  8.6.  The  only  reason  for  rereading  the  initial  shock 
pressures  and  plotting  them  in  Figs.  9.11a  and  g  was  to  present  (or  comparison  the  values  as 
actually  obtained  from  the  same  records  as  those  used  to  determine  the  bubble  and  ieflected 
pressures.  The  significance  of  the  initial  shock-wave  pressures  in  Figs.  9.11a  and  g  is, 
therefore,  limited  to  rough  comparisons  with  the  corresponding  reflected. and  bubble  pressures. 

The  shock  wave  produced  a  spray  dome  extending  from  SZ  to  about  7500  ft,  at  which  point 
the  pressure  was  about  550  psl  with  a  vertical  component  of  about  160  psl.  Presumably  any 
pressure  wavs  striking  the  surface  with  a  vertical  component  of  over  160  psi  could  produce  a 
spray  dome.  A  vertical  component  of  f60  psl  corresponds  to  a  tensile  strength  of  water  (T)  of 
320  psi,  which  may  be  compared  with  the  value  of  300  to  900  estimated  from  coov.entional  charge 
experiments  using  the  same  method  of  calculation.  See  Table  IX  of  reference  9. 

The  vertical  component  of  all  bubble  pulses  was  far  below  the  minimum  level  for  spray- 
dome  formation  under  the  Wigwam  conditions  at  the  YFNB  locations.  The  probable  maximum 
radius  of  the  first-bubble-pulse  spray  dome  was  about  3500  ft,  based  on  e.xtrapolated  values  of 
the  reconstructed  bubble  pulse  (Fig.  9.11c).  This  was  visible  as  a  higher  but  narrower  spray 
dome  within  the  shock-wave  spray  dome.  If  extrapolation  of  the  unreconstructed-bubble-pulse 
peak  pressure  had  been  used,  the  radius  would  have  been  smaller.  1716  later  bubble  pulses, 
originating  even  closer  than  the  first  to  the  surface  because  of  migration,  would  have  produced 
even-smaller  diameter  spray  domes.  No  later  bubble-pulse  spray  domes  could  be  positively 
identified  on  Wigwam  since  the  shock-wave  spray  dome  still  covered  a  larger  area  than  the 
maximum  that  any  bubble  pulse  could  have  produced  when  they  did  exist. 

Study  of  the  bottom  reflections,  liowevor,  indicated  that  pressures  from  them  large 
enough  to  cause  spray  or  slick  formation  could  exist  at  great  distances  from  SZ.  If  the  for¬ 
mation  of  spray  depends  on  the  gross  pressure  wave  rather  than  on  the  net  portion  remaining 
after  surface  cutoff,  then  the  reflection  from  the  subbottom  (Fig.  9.11g)  should  have  caused 
spray  to  form  ahead  of  the  YFNB-29,  that  is,  slightly  farther  out  from  SZ.  Examination  of  the 
Project  1.5  records  (J-4,  30-30  RKF  632)  and  (J-1,  30-30  MZF-72)  showed  a  definite  small 
patch  of  spray  500  to  4000  ft  ahead  of  the  YFNB-29,  an  amazing  and  fortuitous  confirmation  of 
the  prediction  since  the  patch  was  small  in  area  and  the  total  number  of  such  patches  was 
small.  It  Is  safe  to  say  that  the  criterion  of  a  165-psl  vertical  component  is  good  to  20  per 
cent  under  Ihe  Wigwam  conditions.  The  only  way  that  the  maximum  pressure  in  any  spray 
area  caused  by  bottom  reflection  could  be  estimated  was  by  calculating  the  velocity  of  a  spray 
droplet  necessary  to  project  It  into  the  air  for  the  observed  duration  of  the  spray.  Since  the 
spray  was  retarded  by  air  resistance,  since  visible  patches  of  foam  might  have  remained  on 
the  surface  after  all  the  spray  had  fallen  back,  and  since  any  spray  phenomena  might  have 
been  caused  by  multiple  or  prolonged  reflection,  the  estimated  maximum  values  were  probably 
too  large.  However,  th"  i)eak  vertical  component  In  any  patch  was  probably  bracketed  by  the 
165-psl  minimum  value  and  the  calculated  maximum  value.  Several  patches  were  measured 
for  duration,  and  the  results  are  shown  in  Table  9.5.  The  spray  numbered  4  is  believed  to  be 
located  ahead  of  the  YFNB-29. 

The  following  formula  used  in  these  calculations  was  adapted  from  reference  9. 
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Fig,  9,nh — Deep  subboHom  reflection. 


Table  9.5— CALCULATED  PRESSURES  FROM  BOTTOM  REFLECTIONS 
CAU.SING  SPRAY  PHENOMENA 


Spray 

No. 

Est.  Radial 
Distance,  ft. 

Start  of  Spray 
Rise,  sec. 
after  Fiducial 

Spray 

Duration 

secs. 

Him. Vert. 
Pressure 
Component 
psi 

1 

.11,000 

6.24 

.25 

165 

2 

14,000 

6.28 

.15 

165 

3 

16,000 

6.74 

.32 

165 

4 

15,000 

6.74 

.34 

165 

5 

16,000 

6.90 

.77 

165 

6 

17,000 

7.82 

.48 

165 

7 

15,000 

7.03 

1.19 

165 

8 

17,000 

7.12 

.42 

165 

M&x.Vert. 

Pressure 

Component 

psl 


300 

240 

340 

350 

580 

420 

810 

390 
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where  t  =  time  spray  Is  in  air,  in  seconds  ' 

g  =  acceleration  due  to  gravity  (32:2  ft/sec*) 
pU  =  density  times  shock  propagation  velocity  (68.4  for  average  sea  water) 

Pmy  =  maximum  vertical  pressure  component,  in  pounds  per  square  inch 
T/2  =  pressure  required  to  overcome  tensile  strength  of  sea  water  (t65  psi  under  these 
conditions) 


9.6.4  Conclusions  on  Reflections  and  Bubble  Pulses 

The  first  bubble  pulse  produced  a  fairly  smooth,  rounded  pulse  with  a- sharp  pe^  probaUy 
caused  by  impact  of  the  lower  and  upper  surfaces  during  some  type  of  vortex  action  in  the 
collapse.  The  later  bubble  pulses  produced  multiple  spikes,  some  of  considerable  ampUtude 
but  with  small  energy  content.  The  reflections  from  the  ocean  bottom  of  the  primary  shock 
wave  indicated  good  reflection  from  the  bottom  and  from  several  lower  levels  in  the  rock. 

Slicks  and  scattered  spray  patches  subsequent  to  the  primary  shock  phenomena  were  caused 
only  by  the  bottom  reflections  of  the  primary  shock  since  their  reflections  approached  the 
surface  at  an  angle  such  that  maximum  vertical  movement  of  the  water  resulted.  No  surface 
phenomena  or  bottom  reflections  from  bubbles  were  detected  beyond  the  region  covered  hf  the 
spray  dome  from  the  Initial  shock.  Considerable  work  on  the  interpretation  of  the  spny 
phenomena  caused  by  the  bottom  reflections  could  provide  data  on  the  distribution  of  dangerous' 
pressure  areas  around  deep  explosions.  This  could  probably  be  extrapolated  to  different  types 
of  bottom  and  depths  of  water  and  should  be  considered  in  the  lacllcal  use  of  this  lype  oC  weapon. 

9.7  CAVITATION 


Cavitation  occurs  when  the  tension  created  by  the  reflection  of  the  shock  wave  from  the 
surface  exceeds  the  sum  of  the  hydrostatic  pressure  plus  that  of  the  decaying  pres.' ore  wave 
from  the  principal  shock  by  an  amount  greater  than  the  tensile  strength  of  the  wate»-.  This 
phenomenon,  which  is  part  of  the  formation  process  of  the  spray  dome,  has  been  obi-erred 
frequently  in  high-cxpioslvc  explosions*’*®  and  was  inUicuied  in  the  Crossroads  Bak-er  records 
of  the  University  of  Washington  report”’'*  where  it  was  recorded  to  a  distance  of  3700  ft.** 
Wigwam  records  showed  what  appeared  to  be  measurable  cavitation  out  at  least  as  far  as 
5600  ft,  but  it  was  most  obvious  on  the  mechanical  pressure-time  gages  at  2900  ft. 

The  appearance  of  what  is  believed  to  be  the  cavitation  pulse  can  be  seen  in  Fig.  8.9,  as 
recorded  on  the  mechanical  pressure-time  gages  for  several  depths  at  a  horizontal  range  of 
2900  ft,  and  in  Fig.  9.12,  as  recorded  on  a  Wlancko  gage  at  a  depth  of  500  ft  and  a  horizontal 
range  of  5585  ft.  Quantitative  measurements  from  these  and  other  gages  on  the  saiue  strings 
are  given  in  Table  9.6.  Inspection  of  these  figures  and  the  table  reveals  that  at  the  2900-ft 
string  the  cavitation  period  was  first  apparent  about  %  sec  after  the  arrival  of  the  initial 
shock,  arriving  first  at  the  100-ft  depth.  The  pressure  magnitude  at  this  distance  was  from 
/s  to  /j  that  of  the  primary  shock.  At  the  5600-ft  string,  the  first  cavitation  arrivals  were  at 
the  gages  located  at  depths  of  100  ft  or  shallower.  The  magnitudes  at  this  string  varied  from 
less  than  to  %  the  pressure  of  the  primary  shock.  The  duration  of  this  effect  varied  rather 
widely,  l.e.,  from  40  to  400  msec  at  the  close-in  string  but  only  from  52  to  104  msec  at  the 
5600-ft  string.  Before  further  consideration  is  given  these  data,  it  is  important  to  realize  that 
their  precision  is  quite  low  because  their  characteristics  made  it  impossible  to  select  the 
times  of  apiwarance  and  disappearance  with  much  assurance.  Furthermore,  the  pulses  were 
irregular  in  form,  having  multiple  peaks.  Those  characteristics  probably  arose  from  three 
basic  properties  of  the  c.avltation  phenomenon: 

1.  It  occurred  over  a  widespread  area,  so  that  some  gages  may  actually  have  been  within 
the  cavitation  volume. 

2.  The  pulses  that  generated  the  pressure  signals  probably  arose  as  portions  of  the  cavita¬ 
tion  volume  collapsed  at  different  times  depending  on  their  thickness. 

3.  'Fhere  ;vas  probably  some  surface  cutoff  of  these  pressures. 
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The  problem  'was  further  complicated  by  the  faci 


probably  were  localized 


cavitatioR  closures  that  produced  spikelike  pressures  of  durations  too  short  for  the  gage  to 
follow.  Such  durations  were  indicated  by  the  fact  that  the  timing  stylus  of  the  mechanical  gages 
started  a  violent  bouccing  before  there  was  any  significant  pressure  rise  and  continued  after 
the  pressure  decayed  to  zero.  The  duration  values  in  Table  9.6  for  the  mechanical  gages  rep¬ 
resent  the  periods  during  whicn  the  bouncing  of  the  timing  reed  stylus  was  apparesit;  however, 
since  there  were  no  mechanical  styluses  on  the  Wiancko  gages,  the  durations  measured  by  the 
Wiancko  gages  represented  the  Ume  during  which  a  measurable  pressure  was  on  the  record. 
The  net  result  o#  all  these  effects  was  to  render  impossible  the  accurate  ranging  of  the  source 
of  the  cavitation  pulses,  although  an  attempt  was  made  to  do  so. 

The  technique  tried  was  as  follows  (refer  to  Table  9.6):  A  plot  of  arri'val  time  vs  distance 
was  made,  using  NRL  data  from  the  zero  barge*  and  the  NOL  data  from  the  YFNB-12.  Between 
the  slant  ranges  of  about  2000  ft,  where  the  NHL  data  ended,  and  5600  ft,  where  the  YFNB-12 
(NOL)  data  began,  arrival  times  for  the  30.5®  ray  were  plotted  from  Table  7.3  (since  this  ray 
corresponded  most  closely  to  the  2900-ft  string).  This  enabled  the  arrival  tlme'of  the  initial 
shock  at  the  mechanical  gages  at  2900  ft  to  be  estimated.  Such  values  were  added  to  the  tj  -  tj 
column  to  get  the  estimated  absolute  arrival  time  (t]  - 1^)  for  the  mechanical  gages.  The  value 
of  tj  -t|  for  the  Wiancko  gages  was  calculated  directly.  A  plot  of  absolute  arrival  times  (tj  -tg) 
was  then  made  (Fig.  9.13).  This  seemed  to  indicate  the  source  to  be  at  less  than  a  100-(t  depth; 
but  no  exact  ranging  was  warranted  since  it  was  unlikely  that  the  arrival  times  plotted  were 
from  the  identical  portions  of  the  diffuse  source. 

Although  these  data  are  essentially  only  qualitative.  It  appears  likely  that  the  long-duratlon 
cavitation  pressures  and  their  associated  effects  might  be  potent  sources  of  damage  to  targets 
reasonably  close  to  the  surface,  where  the  primary  shock  suffers  fr  iro  early  surface  cutoff. 


9.8  REFRACTION  EFFECTS 

Brockhurst,  la  reference  14,  presents  a  number  of  predictions  of  the  effect  of  refraction 
on  peak  pressure,  travel  lime,  and  pulse  duration  out  to  a  range  of  30,000  ft  from  an  explosive 
source  at  a  depth  of  2000  ft.  Such  refraction  was  assumed  to  have  arisen  from  the  presence 
of  a  thermal  structure  in  the  water.  Two  such  thermal  structures,  each  typical  of  the  Pacific 
Ocean  southwest  from  San  Diego,  were  used  as  the  basis  for  two  sets  of  predictions.  Although 
the  actual  thermal  structure  as  measured  on  Operation  Wigwam  (Table  7.1)  'was  different  from 
each  of  those  used  by  Brocklmrst,  It  most  closely  resembled  the  one  designated  by  him  as 
MIT  408.  The  predictions  based  wi  his  MIT  408  calculations  were,  therefore,  compared  with 
some  of  the  actual  Wigwam  data. 

First  of  all,  pressure  contours  based  on  this  were  plotted  (Fig.  9.14).  These  were  calculated 
from  Figs.  12  and  la  through  11  of  reference  14,  assuming  a  TNT  yield  of  43.8  x  10*  lb  of  TNT. 
(As  discussed  in  Sec.  9.2,  a  belter  equivalent  to  Wigwam  would  have  been  46.2  x  10*  lb  of  TNT. 
However,  Fig.  9.14  had  been  prepared  before  this  value  was  arrived  at,  and  In  view  of  the  small 
differences  between  the  thermal  structure  of  MIT  408  and  the  actual  one,  a  revision  wad  not 
deemed  to  bo  worth  'while.)  Per  ccmparlsoa  with  this  prediction,  the  Wigwam  experimental  data 
were  used  as  a  Insis  for  the  contours  shown  in  Fig.  9.15.  Although  they  are  by  no  means  identi¬ 
cal  contour  plots,  it  is  obvious  that  the  similarities  between  Flg.s.  9.14  and  9.15  are  sufficient 
to  confirm  Ihe  predictions  of  Brockhurst  qualitatively  and  perhaps  even  quantitatively.  The 
principal  difference  seems  lobe  in  the  shape  of  the  1500-  and  900-psl  contours. 

A  second  comparison  of  interest  between  Brockhurst’s  work  and  the  Wigwam  data  results 
when  the  positive  durations  of  the  initial  shock  wave  are  plotted  together  as  showti  In  Fig.  9.16, 
On  this  plot,  in  addition  to  the  NOL  data  from  the  YFNB  stations,  NEL  data  from  approximately 
the  s.'ime  locations  are  shown.  The  straight  line  gives  the  approximate  expected  positive  dura¬ 
tion  as  a.  function  of  depth  for  a  homogeneous  medium,  and  the  curved  solid  line  Is  based  on 
Fig.  14  of  reference  t4. 

A  third  comparison  can  be  seen  in  Fig.  9.17,  where  e.xperl mental  pressures  vs  depth  have 
been  plotted  for  comparison  with  Brockhurst’s  predlcilon  and  with  the  pressures  to  be  e.xpected 
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fa  a  bomoeeneous  medium.  Althou^  tSere'were  some  differences^  it  is  apcarent  that  the 
predicted  refractioo  effect  was  substantially  correct.  Probably  the  principal  evident  difference 
was  that  the  eaperimental  pressure  peaks  occurred  100  to  200  ft  lower  than  predicted.  (The 
Wiaocko  gage  ralues  used  ia  this  figure  were  not  corrected  by  the  technique  described  in  Sec. 

9.14 


9.9  'WIGWAU  COMPARED  WITH  CROSSROADS  BAKER  AND  CASTLE 


A  coroparisoa  of  the  underwater  peak  pressure -distance  curves- from  Wigwam,  Croea- 
roads  Baker,  and  several  Castle  shots  is  presented  in  Fig.  9.18,  all  reduced  to  1  kt  (radio¬ 
chemical  yield).  The  Wigwam  data  used  in  this  graph,  which  are  also  given  in  Table  9.7,  were 
.■alc-.ilated  from  reference  2  and  from  Tables  8.3  to  8.6  by  cube-root  scaling  from  32  kt 
(radBochemlcal  yield).  The  Crossroads  data  were  calculated  by  cube-root  s;aling  from  Table  6 
of  Enclosure  C  of  Volume  I  of  reference  15,  assuming  a  19-kt  radiochemical  yield.  The  Castle 
data  represent  coarse  averages  given  in  Table  7.7  of  reference  16.  The  straight  lines  through 
the  Castle  and  Crossroads  data  were  fitted  by  eye.  The  line  through  the  Wigwam  data  Is  the 
free -field  curve  (see  Sec.  9.2  for  the  equation)  for  1.44  x  10*  lb  of  TNT.  This  value  was  arrived 
at  from  the  data  in  See.  9.2  as  follows: 

Best  TNT  yield  as  fitted  to  data  _  40.2  x  10*  lb 

Radiochemical  yield  ~  32  kt  (radiochemical  yield) 

=  1.44X  10*  lb  of  TNT  per  klloton  (radiochemical  yield) 

Before  further  discussion  of  the  significance  of  Fig.  9.18,  the  following  few  remarks  on  the 
nature  of  the  Crossroads  Baker  and  Castle  data  are  appropriate. 

As  was  stated  In  Sec.  2.2.5,  the  method  of  waterproofing  used  on  Crossroads  may  have 
affected  the  response  of  the  ball -crusher  gages.  Because  the  tests  made  for  Wigzam  on  water¬ 
proofing  did  not  simulate  the  Crossroads  conditions  adequately,  it  is  impossible  to  say  whether 
the  Crossroads  data  required  correction.  It  is  entirely  possible,  however,  that  Operation  • 
Hardtack,  which  is  to  be  cowhicted  under  conditions  similar  to  Crossroads,  will  provide  a 
definite  answer  to  the  question.  In  other  words,  on  Hardtack  it  Is  planned  to  use  some  gages 
waterproofed  In  the  Crossroads  manner  to  obtain  data  for  comparison  with  data  from  gages 
waterproofed  in  the  Wigwam  manner  and  from  gages  with  no  waterproofing.  These  results  may 
enable  the  Crossroads  data,  which  depend  heavily  on  ball-crusher  measurements,  to  be  modified 
and  may  lead  to  improved  Crossroads  underwater  pressure  results. 

The  Crossroads  Baker  shot  was  fired  at  about  mid-depth  (90  ft)  in  Bikini  Lagoon  and  had  a 
radiochemical  yield  of  19  kt,  according  to  reference  15. 

The  Castle  data  represent  averaged  values  from  four  large  surface  shots  (>’ields  from  1.7 
to  15.5  Mt)  as  measured  at  various  deptiis  in  the  lagoon  (180  ft  deep).  The  underwater  pressures 
as  measured  by  both  pressure-lime  and  peak-pressure  gages  wore  of  the  order  of  magnitude  of 
the  air  blast  at  the  surface  of  the  lagoon.  The  origin  of  the  peak  value  was  sometimes  seismic 
"rumble’'  and  sometimes  air  Unst,  but  no  true  underwater  shock  wave  could  be  definitely 
Isolated. 

The  principal  point  of  interest  of  Fig.  9.18  is  the  indication  it  presents  of  the  attenuation  of 
pressure  ari.sing  from  the  presence  of  the  top  and  bottom  surfaces.  As  may  be  seen,  the  Wig¬ 
wam  points,  which  were  selected  to  be  as  free  as  possible  from  reflection  and  refraction  effects, 
fall  along  the  TNT  pressure-distance  decay  curve  (slope  1.13);  whereas  the  Crossroads  data 
decay  much  more  rapidly  (slope  1.7).  The  Castle  data,  which  arc  not  indicative  of  true  under¬ 
water  pressures  or  any  other  single  phenomenon  because  of  tlicir  heterogeneous  origin,  decay 
with  a  slope  of  approximately  2.  In  addition  to  this,  the  region  of  conventional  target  interest, 
say  600  to  1009  psi,  extends  out  approximately  twice  as  far  for  the  Wigwam  as  for  the  Cross¬ 
roads  Baker  geometry.  As  far  as  the  Castle  data  are  concenied,  no  experimental  points  were 
measured  which  even  approached  this  region  of  conventional  target  Interest.  Although  this 
graph  (Fig.  9.13)  only  points  out  the  obvious,  it  may  be  of  value  to  liavc  on  a  single  sheet  a 
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handy  comparison  of  nearly  all  the  significant  underwater  pressure  measurements  'n 
nuclear  bursts  to  date. 
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CHAPTER  10 

SUAAMARY  OF  RESULTS 


This  Chapter  is  designed  to  serve  as  a  bandy  summary  of  the  data  presented  and  the  con¬ 
clusions  reached  In  the  body  of  the  reports 

10 .1  SUMMARY  OF  INSTRUMENTATION  PERFORMAHCK 

10.1 .1  Ball -crusher  Gages 

1.  Results  from  the  YFKB  stations  indicated  satisfactory  operation  and  agreement  with 
electronic  gages. 

2.  The  free-floating  buoy  sujnwrt  system  for  the  ball  crushers  was  unsatlstactoiy,  and  all 
stations  of  this  nature  were  lost. 

3.  The  waterproofing  technique  and  hydrostatic  loading  correction  were  satisfactory. 

4.  The  results  of  the  %-in.  gages  were  higl>er  than  for  the  ^|-in.  gages. 

10.1.2  Mechanical  Pressure-Time  Gages 

1 .  These  gages  satisfactorily  backed  up  the  electronic  gage  system,  particularly  in  the 
region  between  the  zero  barge  and  the  YFNB-12,  where  no  other  gages  operated  successfully. 

2.  The  free-floating  wooden  buoy  and  spar  support  system  for  the  mechanical  pressure¬ 
time  gages  was  successfully  used. 

3.  Peak-pressure  measurements  from  mechanical  presaure-tlme  gage  records  were 
believed  to  be  good  to  12  per  cent. 

4.  Pressure  distortion  from  shock  caused  no  difficulty  in  the  mechamcal  pressure-time 
records. 

5.  Although  there  was  some  apparent  hysteresis,  the  mechanical  recording  features  were 
successful;  for  example,  response  to  step  pressure  pulses  was  less  than  1  msec. 

6.  Timing-measurement  accuracies  over  short  periods  were  good  to  ±2  msec.  Over 
periods  greater  than  1  sec,  a  timing  accuracy  of  about  1  per  cent  was  achieved. 


10.1.3  Electronic  Pressure-Time  Gages 

1.  The  tourmaline  piezoelectric  and  the  Wiancko  electromechanical  gages  operated  satis¬ 
factorily  and  gave  consistent  results  to  within  a  few  per  cent. 

2.  Rise  times  from  Wiancko  gages  of  about  tVj  msec  were  realized,  although  the  gage  itself 
was  capable  of  rise  times  of  about  0.3  msec. 

3.  The  piezoelectric  gage  records  were  judged  to  be  essentially  free  from  such  effects  as 
cable  signals,  pyroelectric  effects,  first -time  gage  effects,  and  frequency  distortions. 
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4.  Th*  Wiaacka  sage  recocdawese  judged  be  essenUaUjr  ($ee.(c«Bvec<;«WsaUi(^«tU(^ 
and  hysteresis.  (See  Sec.  iO.1.4  for  other  comments  pertinent  to  electronic  pressure-time 
gages.) 


10.1 .4  Electronic  Recording  System 

1.  The  Ampex  system  gave  slightly  better  accuracy  than  the  Davies  system. 

2.  The  plezoelectrle  linear  channels,  with  an  estimated  accuracy  of  between  and 
per  cent,  were  superior  to  the  estimated  accuracy  for  the  Wiancko  channeis  of  6  to  «‘/j  per 
cent  and  to  the  estimated  accnraey  for  the  piezoelectric  log  chaimels  of  about  12  per  cent. 

3.  The  calibration-voltage  generator  might  have  been  improved  by  use  of  a  ground  or  zero 
voltage  between  each  step. 

4.  The  L-C  timing  oscillator  was  satisfactory,  and  the  tuning  fork  did  not  seem  to  be 
needed. 

5.  The  scaler,  which  gave  coded  timing  marks,  was  unsatisfactory. 

<.  The  use  of  more  linear  (piezoelectric)  arapUfiers'with  wide  ranges  would  have  been 
better  than  the  use  of  the  log  channels. 

7.  If  the  Wiancko  oscillators,  although  satisfactory,  had  been  improved,  they  could  have 
eliminated  the  requirement  for  the  buffer  amplifier. 

8.  Unitized  construcUon  was  a  valuable  technique,  and  it  might  be  Improved  by  the  use  of 
printed  circuits. 

9.  The  playback  system  was  too  cumbersome  and  inflexible. .  ' 

10.1 .5  Mechanical  Arrays 

1.  The  suspension  system  used  on  the  modified  LCM's  was  unsuccessful.  Its  failure  was 
attributed  to  the  fact  that  the  weather  was  more  severe  than  was  contemplated  by  the  designers. 

2.  Attachment  of  buoys  to  the  tow  cable  must  be  easier  and  sturdier  than  on  Wigwam,  so 
that  chafing  can  be  completely  eliminated. 

3.  LCM’s  were,  in  general,  satisfactory  instrumentation  platforms  but  not  so  satisfactory 
as  the  ships  ««re.- 

4.  The  trailers  in  the  YFNB’s  were  highly  satisfactory  instrumentation  shelters,  and  the 
YFNB  winch  systems  performed  smoothly  with  good  control. 

5.  The  YFNB  booms  were  slightly  too  short  to  completely  eliminate  cable  chafing. 


10.2  SUMMARY  OF  DATA 

10.2.1  Cage  LocaUoas 

1.  The  distances  of  the  electronic  gages  from  SZ  were  determined  to  witliin  %  per  cent, 
in  the  region  3000  to  12,000  ft  from  the  cliarge,  by  means  of  surface  photographs,  shock 
arrival  times,  and  aerial  mosaics. 

2.  The  array  was  surging  slightly  as  indicated  by  comparison  of  aerial  mosaics  taken  at 
-50,  -40,  and  -30  min  before  zero  time.  Additional  surging  was  indicated  by  the  shock 
arrival  data. 

3.  The  UOL  electronic  g^e  strings  slanted  slightly  toward  the  charge  from  the  surface, 
according  to  Ume-of -arrival  data. 

10.2.2  Characteristics  of  Pressure-Time  Signals 

Although  there  was  considerable  variation  among  the  pressure -time  records,  they  had  the 
following  general  characteristics  in  order  of  time; 

1.  An  initial  shock  wave  with  a  surf.ace  cutoff,  followed  by  a  neg.ative  phase. 

2.  A  c.avitatioa  pulse  which  approximated  in  magnitude  the  initial  shock  close-in  but  which 
became  negligible  beyond  about  a  mile  from  SZ. 

3.  The  first  bubble  pulse  which,  uncorrccted,  had  a  single  sharp  pip  alter  a  slow  rise. 
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4.  Multiple  peaked  low-araplitude  reflections  of  the  initial  shock  wave  from  the  bottom 
amt  shallow  sablayers. 

5.  Multiple  peaked  pulses  from  the  second  bubble. 

8.  Multiple  peaked  low-amplitude  reflections  of  the  primary  shock  wave  from  deep  sub- 
sarface  layers. 

7.  Small  signals  perhaps  arising  from  third  bubble  pulses. 


10.2.3  Free-fleld  Shock  Effects  Vs  Distance 

1.  The  pressure -distance  curve  for  free  water  as  determined  by  the  1000-ft  electronic 
^ges  on  the  YFNB’s  12  and  13  appeared  similar  to  that  predicted  by  Project  1.1  and  to  that 
from  TNT. 

2.  The  reduced  energy  flux  density  vs  distance  curve  appeared  to  agree  well  with  a  curve 
calculated  for  the  same  yield  of  TNT  as  would  make  the  pressure-distance  curves  agree. 
However,  this  was  fortuitous  'since  the  TNT  curve  was  integrated  over  a  longer  interval  than 
the  Wigwam  curves.  This  indicated  that  the  pressure-time  curves  for  Wigwam  and  TNT  may 
not  have  been  similar  or  that  refraction  effects  were  present. 

3.  The  same  conclusion  as  in  2  above  was  reached  when  the  reduced  impulse  from  Wigwam 
was  compared  with  that  from  TNT. 

4.  Although  time  constants  were  measured,  no  great  reliability  can  be  assigned  to  them 
because  of  the  scatter  existing  in  the  data  and  the  fact  that  they  varied  with  depth.  Further¬ 
more,  the  shock-wave  decay  rates  at  the  YFNB’s  13  and  29  deviated  from  their  initial  values 
at  times  equal  to  9/2  or  less.  This  also  indicated  a  possible  difference  between  TNT  and 
Wigwam  pressure-time  curves. 

10.2.4  Bubble  Effects 

1.  The  first  bubble  pulse,  after  reconstruction  to  eliminate  the  effects  of  surface  reflec¬ 
tion,  showed  that  the  sharp-fronted  wave,  so  obvious  in  the  uncorrected  records,  occurred  be¬ 
fore  the  bubble  minimum  and  was  of  lower  net  amplitude  than  the  main  bubble  pulse. 

2.  Second  and  third  bubble  pulses  were  measured  without  correction. 

3.  Average  bubble  periods  were  t))|  =  2.878  sec.  tQj  =  2.6  sec,  and  tg3  &  1.9  see. 

4.  The  maximum  amplitude,  as  measured  on  the  deep  gages  from  the  YFNB-12,  of  the 
corrected  bubble  pulse  was  alwut  2S  per  cent  of  that  of  the  peak  of  the  shock  wave. 

5.  The  maximum  bubble  radius  was  calculated  to  be  375  ft,  based  on  the  first  bubble 
period. 

8.  Migration  up  to  the  time  of  the  emission  of  the  sharp  pip  on  the  first  bubble  pulse  was 
measured  to  be  about  400  ft.  No  satisfactory  migration  measurements  were  made  for  the  later 
pulses. 

7.  No  surface  phenomena  or  bottom  reflections  from  bublles  were  detected  beyond  the 
region  covered  by  the  spray  dome  from  the  initial  shock. 

10.2.5  Reflections 

1.  There  were  at  least  three  bottom  reflections,  all  of  them  attribut<abtc  to  the  primary 
shock. 

2.  This  led  to  the  conclusion  that  the  primary  shock  was  reflected  (1)  off  the  sediments 
forming  the  regular  bottom  at  about  15,000  ft,  (2)  off  a  subbottom  of  basalt  starting  at  .about 
10,000  ft  and  e.xtending  about  21,000  ft,  and  (3)  off  an  ultr.ibaslc  layer  below  the  bas.alt. 

3.  A  vertical  pressure  component  of  over  ICO  psl  was  necessary  to  produce  a  spray  dome. 
On  this  criterion  a  patch  of  spray  was  predicted  and  found  to  occur  from  a  subbottom  reflection 
farther  out  from  SZ  th-an  the  yFNB-29. 


10.2.6  Cavitation  Effects 

1.  Apparent  evidence  of  cavitation  occurred  on  strings  located  at  2900  ft  and  5600  ft  from 
surface  zero. 
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2.  The  ratio  o£  caviTation  peak  pressure  to  shock  peak  pressure  was  from  4  to  7^  aft 


2900  ft  and  from  to  at  5600  ft. 

3.  The  duration  ranged  from  40  to  400  msec. 

4.  No  ranging cf  the  cavitation  pulses  was  possible.  ’ 

10.2.7  Refraction  Effects  -  ■ 

1.  The  effect  of  the  temperature  structure  of  the  water  In  refracting  the  shocii  wave  wa* 
essentially  as  predicted  on  picak  pressttre  and  pulse  duration  as  far  out  as  the  measurements 
extended  (about  a  12,000-ft  range)*. 

2.  The  result  was  that  the  pressures  at  depths  of  400  to  700  ft  at  the  ranges  of  the  YFNB's 
were  greater  than  they  were  at  other  depths  on  the  same  gage  strings. 

3.  Positive  shock  durations  were  appreciably  shortened  from  those  to  be  expected  in  a 
ho  raogeneous .  medium .. 

10.2.8  Comparisons  with  Underwater  Pressures  from  Other  Nuclear  Tests, 

1.  The  Wigwam  pressure-distance  curve  in  the  region  of  target  interest  and  at  depths  , 

not  seriously  affected  by  refraction  fell  off  at'a  rate  of  1.13  (similar  to  that  from  TNT),  com¬ 
pared  with  1.7  from  Crossroads  Baker  and  2.0  from  Castle.  Differences  were  attributed  to  ■ 
surface  arid  bottom  effects.  '  •  • 

2.  The  pressure  region  of  600  to  1000  psi  extended  out  twice  as  far  on  Wigwam  as  on  "  . 
Crossroads  Baker  when  data  for  both  were  reduced  to  1  kt  (radiochemical  yield).  Reduced 
Castle  data  were  not  measured  in  close  enough  to  be  within  the  600-psl  region. 

10.2.9  TNT  Equivalents 

1.  From  shock-wave  peak  pressure  vs  distance,  46.2  x  10*  lb  of  TNT. 

•  2.  From  bubble-period  measurements,  53.6  x  10*  lb  of  TNT. 

3.  From  LASL  radiochemical  measurements,  32  metric  kt  (radiochemical  yield)  =  70.Cx 
10*  lb  of  TNT. 

4.  Hence; 

=  0.65  =  shock-wave  efficiency 

lU.o 

and 

53  6 

=  0.76  =  bubble  efficiency 

10.2.10  Summary  of  Averaged  Values 

Averaged  values  of  certain  quantities  of  interest,  which  were  measured  by  the  1000-ft 
electronic  gages  on  the  YFNB’s,  are  lislc-d  below: 


YFNB-12 

YFNB-13 

YFNB-29 

P,  (arithmetic),  psl 

951 

649 

479 

P|  (geometrical),  psi 

951 

649 

480 

0  (arithmetic)  (msec) 

35.8 

47.8 

56.3 

I  (geometrical)  (Ib-sec/in.*) 

33.2 

23.7 

14.7 

E  (arilluaetlc)  (In.-lb/in.*) 

2697 

1547 

845.S 

CONFiDENTIAL 
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APPENDIX  A 


EFFECTS  ON  SONAR 


Although  it  is  beyond  the  scope  of  this  report  nnd  the  function  of  Project  1.2,  some  infor¬ 
mation  on  the  effect  of  the  Wigwam  shot  on  sonar  gear  has  been  made  available  to  the  authors 
as  a  result  of  inquiries  to  the  vessels  present  in  the  vicinity  of  the  Operatira,  Since  this  inforr 
mation  is  not  generally  known,  it  is  included  here  because  it  is  the  type  of  data  needed  for  Ibe 
design  of  tactics  to  be  used  with  atomic  depth  charges. 

Each  of  12  ships  was  queried  for  information  on  the  following  points: 

1.  The  distance  that  the  ship  was  from  the  center  of  burst. 

2.  Type  of  sonar  gear  on  the  ship  at  the  time  of  the  test. 

3.  Time  before  zero  that  the  sonar  was  turned  off. 

4.  Time  after  zero  that  the  sonar  was  turned  on. 

5.  Condition  of  reception  at  the  time  sonar  was  turned  on  after  time  zero. 

6.  Time  after  zero  that  sonar  would  have  been  operable  In  the  detection  of  a  target. 

7.  Estimation  of  the  area  blanketed  by  the  burst. 

8.  Any  offeols  noted  on  the  operation  of  the ’ship's  fathometer. 

Of  the  replies  received  at  this  time,  only  those  from  the  USS  Blue  {DD-744),  the  USS 
Walkc  (DD-723),  and  the  USS  McKean  (DDn-734)  are  of  interest,  since  their  sonar  gear  was 
nut  turned  off.  Their  answers  are  given  in  Secs.  A.l  to  A.3.  - 


A.l  .  USS  BLUE  <DD-744) 

The  following  answers  were  submitted  by  the  USS  Blue  (DD-744): 

f .  The  USS  Blue  (DD-744)  was  25  miles  from  the  center  of  the  burst. 

2.  QHBa  sonar  gear  was  on  the  ship  at  the  time  of  the  burst. 

3.  Sonar  was  switched  from  “Echo  Itanglng"  to  “Listen"  30  min  prior  to  zero  time. 

4.  Sonar  was  switched  from  “Listen”  to  “Echo  Ranging”  30  min  after  zero  time. 

5.  The  reception  was  good  at  the  time  the  sonar  gear  lyas  switched  to  "Echo  Ranging” 
after  zero  lime. 

'6.  It  is  believed  that  the  sonar  equipment  would  have  been  operable  in  the  detection  of  a 
target  5  min  utter  zero  time. 

7.  We  were  unable  to  estimate  the  area  bl:mketcd  by  the  burst  since  this  ship's  area  was 
net  affected. 

8.  'fhe  fatiionictcr  was  not  in  operation  at  the  time  of  the  burst. 

The  following  additional  observations  were.noted: 

1.  Twenty -seven  seconds  after  zero  time  the  blast  was  heard  on  the  speakers  on  sonar. 

2.  Approximately  5  sec  later  one-Iialf  of  the  scope  blanked  out  fur  about  1*4  sec- 
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A. 2  USS  WALKE  (DD-723) 


In  answer  to  the  queries  the  following  informatioa^xss'Eubmitted: 

1.  The  USS  Walke  bore  31S°T  at  a  distance  of  6  iniCes  Iram  SZ  at  explosion  time. 

2.  The  USS  Walke  was  then  equipped  with  QHBa  saitstr^ 

3.  The  sonar  equipment  was  not  secured  at  aay  time: touring  the  test.  At  zero  time  the 
QHBa  was  on  “Listen,"  and  the  gain  was  on  a  medium  ggr.ing  (5).  Inunediately  alter  the  ex¬ 
plosion  the  gain  was  tamed  to  minimum  setting.  The  emiirs  scope  was  blanked  by  the  initial 
shock  wave  and  remained  completely  clouded  for  apprcxinnately  13  to  IS  sec.  The  initial  sound 
received  was  a  deafening  roar  much  greater  in  intensiiy  diatnot  unlike  that  of  a  depth  chargie 
exploding  nearby.  The  scope  cleared  somewhat  after  tS  sem,  but  the  effect  of  the  explosion 
continued  for  60  to  80  sec.  The  noise  remained  quite  amiii'nle  despite  the  minimum  gain  setting, 
and  bright  crackling  pips  of  light  similar  to  those  made iby^ipoises  appeared  on  the  scope. 
Sonar  operators  observed  three  distinct  shock  waves. 

4.  After  90  sec  the  QRBa  presentation  returned  to  niicmial,  and  it  would  have  been  possible 
to  detect  targets  nearby  after  this  interval  of  time  had  eii^psed. 

5.  The  scope  was  entirely  blanked  by  the  initial  blaan,  3No  wedge-shaped  noise  spoke  was 
ever  discernible.  Within  the  limits  of  QHBa  sonar  (3'r5il<3-ards),  no  water  disturbance  was  in 
evidence.  The  Walke  can  make  no  reliable  estimate  of  rtue (Ocean  area  blanked  by  the  burst. 

6.  The. ship's  fathometer  was  not  in  operation  at  zecrodime. 

7.  The  AHA1QC-1B  underwater  telephone  was  eneegtized  and  adjusted  to  a  full  gain  setting 
at  blast  time.  A  noise  similar  in  every  respect  to  that  raneired  on  the  QHBa  was  heard  on  the 
UQC.  The  gain  was  immediately  cut  to  0,  but  the  noise  gessisted. 

The  Walke  forwarded  enclosures  (1)  and  (2)*  tor  tJiaiir  g>QBsible  scientific  value.  The  grid 
viewer  for  BT  #685  was  included.  The  BT  has  since  beemaost  at  sea.  The  Walke  made  one 
drop  (drop  20)  7  min  prior  to  zero  time;  unfortunately,  tSis .-slide  has  since  been  destroyed. 

The  recorded  sonar  message  was  sonar  long  300/25  lEliffi-  3T  slides  2t  through  35  were 
forwarded.  Slide  21  was  In  the  water  1  min  after  zero  and  sUde  3S  was  dropped  2  hr  30 
min  after  zero  time.  It  shmHd  be  noted  that  the  times  en^tribed  on  the  slides  are  in  hours  and 
minutes  after  zero  time  and  not  in  local  or  Greenwich  htonrs.  The  Walke’s  position  was  rela¬ 
tively  constant  during  drops  20  through  35.  Sonar  conditUims  -were  unusually  good  during 
Operation  Wigwam  and  were  not  apparently  adversely  saietaed  by  the  atomic  explosion.  The 
Walke  consistently  held  contact  on  ships  of  the  array  ac  =nnges  greater  than  3000  yards. 

Other  than  during  Uie  initial  shock  vave,  the  Walke- bailie ved  that  there  was  no  effect  on 
echo  ranging  by  an  atomic  blast  oi  the  Wigwam  caliber  ad  a  ilistance  of  8  miles  or  greater. 

Any  other  opinions  expressed  would  be  pure  conjecture:  kowever,  it  was  thought  that  echo 
ranging  would  be  possible  at  ranges  considerably  closer-dimn  6  miles  within  90  sec  after  the 
initial  explosion  of  a  Wigwam-caliber  bomb. 

A. 3  USS  McKEAN  (DDR-784) 

This  ship  supplied  the  information  requested,  oe  fuiliDws: 

1.  This  ship  was  10,000  yards  from  the  center  ofaiimd.. 

2.  The  sonar  equipment  was  type  QHBa. 

3.  The  sonar  equipment  was  in  opcratica  during  tiostsnzire  period  of  the  test. 

4.  Not  applicable. 

5.  Reception  was  good  before  and  after  the  burst.  Ebie^scope  was  blanked  for  a  short 
period  by  turbulence  immediately  following  the  burst. 

6.  The  sonar  could  have  detected  a  target  betweea  d5DD  and  2000 yards  within  45  sec  after 
the  burst. 


♦Enclosures  (1)  and  (2)  were  bathythermograph  (BT'  slides  and  a  viewer.  These  were 
forwarded  to  A.  B.  Focke,  the  Scientific  Director. 
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7.  The  entire  Held  of  the  scope  was  blanked  for  about  30  sec,  gradually  clearing,  oa  (h» 
side  away  frets  the  burst  and  clearing  enough  far  detection  within  45  sec. 

8.  No  effects  were  noted  on  the  operation  of  the  ship’s  fathometer. 
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